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BACK-WATER | AND DROP-DOWN CURVES. FOR 
“UNIFORM. ‘CHANNELS 


as 
“ By NAGAHO 1 M. Am. Soc. 
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Most of the existing formulas for determining back- water ma drop- down — 
curves in open channels, are applicable only to channels of simple geometric 

cross-section. Moreo formulas usually yield inaccurate results 
because i in their derivation the effects of variation of ‘velocity hendeee are neglected, 


or the coefficient, in Chezy’s mean- n-velocity, formula i is s considered constant. 


et In the hemes study, rational back-» water and d drop- down formulas are derived i in 


2 


s-sections. ‘These are on n accurate n -mean- n-veocity expressions 


ea exponential type, a and ma — full allowance for v 


n experimental channels 


thorou 


ha 
fa 


also introduced hydraulic exponent to express the characteristics 


channel cross-section. -writer’s manuscript was prepared independently 
— es the merit of simplifying the computation in its application to various 
“eases, This ‘statement does not. imply a a of Professor Bakhmeteff's 
treatment, but is intended merely to ‘establish | a line of demarcation, in 


E the hope that discussers w will avoid confusing the two treatments, = 


‘ForRMULAS FOR FOR Drop-Down Curves 
Ina channel having constant discharge, uniform cross- -sectio , and unif orm. 


ee, the flow i is ‘said to be non-uniform if the water surface is not par parallel 


the channel val 
takes the form of a a curve. - ; the flow is of the “tranquil” type this curve 
theoretically. extends up stream ‘an infinite distance and gradually 


_ Nore. .—Discussion on this paper will be closed in September, 1936, Proceedings. 
" 1 Director, Experiment Station of Public Works, Home Dept., , Japanese Govt. ; Prof. 
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a 
of 
4 _ these results are compared with values cor ing formulas and by © 7 4 a 
the new formulas derived by the writer gh treatise entitled = 
“Avdraulics of Oven Channels” BA Bakhmeteff Mi Am Soc “4 
od 
= 4 | 
_& __to the channel bed. In this case the longitudinal profile of the water surfac — a 
— 
- 
— 
a — 


straight ne profile for uniform flow at the given di discharge if 
- upward the curve is called a back-water curve, and if concave downward it is” 
"ae a drop-down curve. However, the same | differential equation | is appli- 
‘cable to both cases, the difference being only in 1 the boundary conditions. 
The ge the surface profile for cases of non-uniform flow is a 
section the channel, 
with the X- -axis along the 
; lowest line of the channel | 
(positive in the down- 
stream direction), and the 


Y-axis erpendicular t 
t -axis, ‘the wee: 


ry 


in which | S= = slope o of the water surface when the flow at Section ais 8 non- 
uniform; So= = slope of the channel bed = slope of the water r surface for — 
form flow; D = depth of water at Section x for non-uniform flow; Do . = depth | 


at point of maximum -drop- -down; R = hy ydraulic at Section 


C= = coefficient 1 in the velocity, a=a correction factor for velocity 


Te of water for uniform flow; D= depth of water at weir; Ds = = depth of 3 


in which p = 0.5 in most cases, and nd S; = = = the slope, 8, defined d by the frictional 


In the Chezy velocity formula, C varies considerably wi with the depth of 

R= \2g/] 


Pee 


pam At 


. ‘Equation (4), ‘if So md C do not vary. ~*~ Since they do vary for river 
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WATER AND ‘DROP- DOWN CURV RVES 


: _ streams, Equations (3) and (4) are not strictly applicable. to 1 natural water- 


- courses. ~ However, if the stream is considered as divided into several reaches, 
in each of which So and | C are nearly uniform, and if the relation between 


and is applied each reach separately, 


back- -water ‘eurves can 


obtained more conveniently from either Equation (3) or Equation ®, ton 
from Equation (1), since the latter must be solved by trial, 


The discharge i in 1 the ¢ channel, Q, being constant, S in n the velocity formula 
. (Rauation (2)) is expressed i in terms of the hydraulic radius, R, corresponding 


the depth: D, and of the roughness coefficient or velocity 


coefficient; 


fe for a a fixed section, A and R ean be expressed in terms of D 
water. Consequently, Equation (4) is a differential equation 
, its type being dependent on the relation expressed in 


with x 


ean be expressed in terms of the hydraulic area, A, and 


, the depth | of of 
‘that combines 


Equation 


and on the shape of the cross-section. : Hence, the back-water curve derived 


by integration is subject to these two factors, 


e. Many “of the e existing formulas are deficient in one or both of fos 
formulas do not include the term which 


and, moreover, these 


— a change of velocity head. When the variation of mean velocity 3 
wide, the latter omission introduces a a seri 


Investigation 


tion 


vad 


TABLE 1 


R 


0,75 

23.78 
22.11 
Q? varies as S2 
==So 
= 


of om pe “Velocity 
lica- Me 


ba of channel 


Broad 
Common rectangle 
Broad rectangle... 


Broad parabola. . 
Broad rectangle bs 


\Broad rectangle. . 
Approximate 


Broad rectangle. . 

Broad rectangle. . . 


ous error, eepecia 


| 
Variations 


Warer ForMULAS | 


ally in of 


determination back- water and drop- down “curves” in 


YPES OF 


d 


in velocity 
Back-water 

Considered 

Considered | 


Neglected 


Neglested 1.01 to6.0 


1.005 to 5.0 
1.013 to 5.0 


1.000 to 5.0 

4. 001 to 10. 0 


1.01 


Neglected 


Drop-down 


0.999 to0.00 
None 


0.99 00.00 


0.10 to 0.95 ail 


— 
— 
— 
— 
7 
_ 
| 
— Mnerefore, it is essen- 
to adopt the velocity formula most appropriate for the channel under 
h — 
of — 
y — 
i? 1 | Grashof-Bresse.| 1860] 
| Schaffernak....] 1913 Neglected 0.2 to ) 
| Baticle........ 1921 Neglected — 
ied | Koseny.......] 1038 Considered 
or 9 | Schoklitsch. ... 4 
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* Most of the expressions: for mean velocity in Column (4), ' Table le 1, are 
a considerably in ¢ error because the characteristics of each section of the actual 
channel vary. Furthermore, in soi some cases (Items Nos. 8, 5, 6, and 9, 
Table’ 1), the important variations, in velocity head are neglected. In Item 


No. 7, Table and Zoy denote A? R and in uniform flow, 


respectively. 


im Existing methods of calculating back-w water and drop- ion: curves are 
a searcely accurate enough | for purposes; furthermore, the hydraulic 
theory u upon which they ar are based is very imperfect. The e reasons why e exis- 


a 


Case (A).—In order to be able to express the water and 
curves by functions having a number of terms, of these 4 


channel sections. Generally, it is impossible to. back- 


and drop-down curves by a function having a finite number of terms unless — ; 
in Equation (2) is an integer and the broad section is a rectangle. 
(B).— —When m has an any arbitrary value. and when the channel has 
pone shallow section, the back-water and drop- -down curves may be expressed 
_ by - functions: involving infinite | series; but the calculation of the numerical 
table (Columns (7) and (8), Table di is quite complicated in comparison 
with Case (A). The Schaffernak (Item No. 5)? and Schoklitsch (Item No. 9)* 
formulas are the simplest ‘this case. In the Riihlmann formula (Item 
No. 3)* an infinite series is used, 1; , laboriously and needlessly, in spite of the 
fact that the formula should belong to Case (A). In the ¢ cases of most chan-— 
nels with cross-sections that are not broad i in comparison ¥ with their depths, the 


_determination of the back- -water and drop- -down profiles by rigorous, 


requires use ot infinite series for its expression. Moreover, # the 
ke the velocity head is s considered, two ‘infinite | series are derived from one 
‘kind of channel. In this case it is extremely laborious to construct tables 

of the function for all types es of sections. 

In the following, the writer derives some exponential formulas for ‘the 


a aan hydraulic area, wetted perimeter, and hydraulic radius, which are sufficiently 
accurate. for practical purposes. The change in velocity head is taken into f 
oe consideration, and the ‘most appropriate velocity formula is used for each 


channel. In every case the desired back- -water drop-down function is” 


= in terms of two sets of series. 


Case 1.—The Most Case of Won- Flow. —The hydraulic 
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— lik”, by Forchheimer, Third Edition, p. 207. 
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velocity, V, are expressed most generally as functions of D, the e depth of water -~ 


measured lowest line of the channel bed; thus, with Equation (2): 


= 
A = 


~ 


A 


pet 
in whdeh the poe 0, refers the symbol to the condition of uniform flow. 


—_ Since the amount of flow in the channel is unchanged, Q= |» VA = Vo Ao 


+6 


By mbatituting Equations (3) and (6) into nto 


general differential Equation (Q): 


A 
Replacing” A, R, and P, by their value in Equations | 6 5) and writing 


bee 


( 


water and down the equation and 

the calculation of numerical tables become extremely complicated with the 

expression in 1 this form, since each term in the right-hand side « of the equation 


expands into a double series with respect to D. 


Case @). —In W hich the Hydraulic Area, A, Is Monomial—In common _ 


channels or rivers, if D is measured from the lowest line, the monomial expres- 


; sion, A = aD’, for hydraulic area is sufficiently canine even when do = 0. 


Therefore, when 4 A = bo + bD*; and, 


= 
| 


— 
4 — 
— 
— 
72 fA 
oa — 
n ® 
al 
a Sy + ” Ses (; d — 
me be 
a fig 
tly 
lie 


+ cD 


Co + Clo 


n, Equ ation (7) bec eo 
) 


= 


enomina 
: 4 wa ‘convergent infinite series, and, as a consequence, the function, F(D), 


: can be expressed in terms of a double series of - — ; but the labor for calculat- 
ing: the numerical table is far gre greater than in Case | (3), wie follows. 
Case (8). —In Which the Hydraulic Area, A, a and Wetted . Perimeter, P, 


Monomials.- —In this become reasonably 


enominator of Equation (12) may be 


zoid, in which the base width value. is in “eases of 
these sections, ; as in the cases of most other ‘sections in common use, actual 
a trial shows that it is possible to choose values of b and k in Equation (13b) 

that will make this equation express the value of P with reasonable accuracy 
a over a considerable range of depths. The fact that the use | of this monomial 
expression for P does not introduce errors of appreciable magnitude into the 
of back- water and drop-down ‘profiles, will be ‘made by 


-yeference to the many ex 


| 


«| 
in which ¢ = —; and, co 
a 
— 
— 
— 
— .(18b) 
— 
— 
— 
1 
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ForMULAS FOR Back-Watrr AND Drop- — 
Referring to Case @), following the form of 


= + Comets, 


— 

g dx \A/ 


Back- Water—Substituting Equations (14) as), into the he general 


» 


tre: 


equal ite quantity, d £4 equal dy = 


i-y 


r= 2s + 2m (s — k). Equation (17) from x + 
(that is, from D to Ds), the distance, 1, from the weir to the point rom 


18 
and y 


— 
c) Ao — 
— 
™ D\“*d(D\ 
i dt — 
TEND) 
— 
im 
Hene 
at- — 
Since m is dependent — 
d — 
3c) 
4 


great at this ‘thele Hmite of 
tion are taken to be y= = y, = 1.001; that is, Pa 1,001 


Down.—In this case, 


= >. Then, Equation (16) becomes: 
So de _ dz z* dz 


In ‘Equation (19), > onl z> both terms on the side 


can be developed into a of Integrating from x to x 


(that is, from from D D to re 


—— dz; and, ¥, (z) = 


limit of th the integration is taken as z = —° 


he 


he Back- Water Curve. k), 8 


numerical value of the y power in the function for hydraulic, area; m = the ex- 
Be, ponent of hydraulic radius in the velocity formula; and k = the. > exponent of 
the wetted perimeter in the velocity formula. For open channels and conduits, — 
a< r<6 and 0.8 Be< 2.0. The quantity, ——— of both terms on the 
right-hand side of Equation (17) is developed into a series, and 
their integrals, and may be expressed as follows: 


7 


= 

— 
— 
— 

— 

— 
= 

— 
— — 
or y =—= 0.999. 
= 
a 
1 
| q 

— 
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cae | 
‘eee 
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pue'p josanjeq 


oo 


| 
| 
? ANGE | | — 
| 


(21 
> 

y is equal to 
. rate at which ‘the series converges is very slow. ic When both r rand gs are 
integers: or possess special » values, Equations (21) can be expressed ; in a finite 
7 — of terms, and in 1 preparing an actual numerical table, ®, and @, are 
calculated directly for these special cases and the values of | the functions 


d for intermediate values of r and s are obtained by interpolation. The results 
‘are shown by groups of in Fig. in which, for substitution in 


(2 = | { dy (28) 


If groups of &, and &, curves are constructed by plotting the integrated 
- values thus obtained, the back-water profile applicable to almost ; any channel 
can be calculated ‘precisely. Back- water curves published i in the past were for 
ST, o3 a single | case of r and : 83 ; for instance, in the Grashof-Bresse formula, a broad 
: rectangular ‘section ‘is used so that, with A = BD, , and P= ‘iB ,s = 1, and 


k=0. Since = C the exponent, = = 0.5. ‘Therefore, 1, 


‘ab 
In the Tolkmitt formula (Item No. 4, Pale 0 De a section 


formula (Item No. 


4 
1 
q 
q 
4 
F 
| 
— 
— 
Ls 
— 
— 


May, 

Computation for Back- Water.—Referring to Fig. let 

’ Bo = 8 ft Do = 2 ft; D = 2.2 ft; D=4 ft; So = 1:1000; C = 50; 
18; b= = 0. = & 87; and K = 0. 212. Then, Fig. 3, 

‘selecting proper values of and &., Equations ms (22) yield: — 


Select 3. 
© (2) 1.68; &, (2) = = 2.12; and 4, =. 1.58. Substituting these 


4 values in Equation = 3.16 — 0.212 1. 365; 

Down Corve—In this case: the are: 


; and, W, (2) and each of be 


expressed as infinite series, thus: 


oad 


‘ 
= 


- For integral or special values of r and s, the integration si to a 


having a finite number of terms, so that if values of the functions are com- 
puted by these expressions, the values of the functions for in intermediate com ~S 
of r and s can be obtained easily by ‘interpolation. 


. The values of Ww, and WV, are hag in 1 Figs. 5, 6, and d 7, the values i in Fig. a 


but also with respect to the ‘values ot 
Illustrative Computation. for Drop-Down. —Referring to Fig. 


60; K = = 0.27 , from Figs. 5 6, and cand 7: 


ve 
| 
> 


|= 2.34; and ¥, = 1.45. Substituting oad values in ones (20): 


- BD; Re = 1.900 — 1.395 — 0.97 [2.34 — 1.45] = 0.268; and 1 = 10 

In the General. —In Figs. 3 to the values of &,, an 


y groups of curves, are obtained by ordinary integration with respect toe 
number of sets of values of rand s which furnish directly integrable equ 


ons. 


‘a 
— 
— 
— 
— 4 
— 
( 23a) y 
4 
(23b) d 
— 
a 
Do VAS 
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— 
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1900; 
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Values of r 
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Values 
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Vie 


Values of 7 


“| 


3 1 

= 


oz 1 


— 
— | fold badd 

| 
| 
7 Drop-Down _Cupves, Fios. 5 axp 6, 70 AN ENLARGED SCALE. 
— 
— | 


cases: For 1 2 3, 5, and 6 (b) = 3 is for in 
1 No. 1, Table 1) and -Riithlmann formulas (Item 
No. 3, Table 1); = is for ®, of the Baticle formula (tem No. 7, 
Table 1); (d) values of r and | corresponding values of s for: integrals of 
(see Fig. 3) are listed in Table 2; (e) ra 3, s = 1K are for of the 
-Grashof- Bresse formula. and (f) f= = 1.5 are for of the Tolkmitt 
formula (Item No. 4, ‘Table 1). 


TABLE 2.—Vavues OF r, WITH OF 8, FOR 


VALUES OF 8, FOR: | | VALUES OF 8, FOR: 


Values Values Ye 


| | | wm | @ | wl @ 


no 
| 


In the <drop- -down the direct integration is performed with respect to the 


1 cases: (g) For W,: r = 1, 2, 3, 3.4, 3.5, 4, 5, and 6; (h) r = 3 
is for V, of the Grashof-Bresse and Riihlmann formulas; (i) r = 3.4 is for 


the: Kozeny formula (Item No. 8, Table (7) 5 is for the Schaffernak 


of the integral, %,, twenty- two forms | of the 
of the integral, and seventeen forms of the The integrations 


» 


‘ND DRA 
ious of w hich are ‘commonly used for channels, however 
- complileated they may y be, ean be approximated accurately enough by a com- : 


bination of line, and circular curves, Then, 


for these three cases, the factors, may be for a required 


a) ‘Prismatic Section —In the cases shown 
“area, A, may expressed in general terms by: 


A= 
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: a Intermediate values of r and s are determined by interpolation. For the back-— 7 ss 

il: 

4a 

(1.0 0.50 0.75 | 2.0 | {0.75 | 3.0 5.0 | 42.00 | 2.00 

— 
q 
| 

values of r, with corresponding values of s, for integrals of are listed 

a in Table 2, in which the combination, r = 3 and s = 1.0 is the value of W, a cae 

— 

4 ‘og 

— 

| 

= — 

12 


inverted — 
ie =2.0 and k=1.0 


of line of the ‘channel; and the values of are as shown 


‘TABLE. E oF "do AND IN ATION 
a 


(Fig. 8 (a)) (Fig. (Fig. 8(c)) (Fig. 8 (d)) 


From Equation (24): 


: 


‘The “expres 


which, 


= Y.... 


ed ig. 9. For referring 
Fig. 8(b), let do = = 8 ft; De = 3 ft; 7 w == 4 ft; D = 2.2 ft; ; values of y 


Sie sections considered are 2.0 and 1. 1: = 4; : 


~ 
! 
10. 
2 
> 


— 
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q Trapezoidal; a=cot 6 Rectangular; s = 1.0 Triangular; a=cot 
Fig, 8.—Reeutar CHannet Cross-Szctions. 

— 
— — 1 
— 
L 
T 
— 

on involving the wetted perimeter, P, is written as: 

—— Then, s and k, the exponents to y which depend on the ratios, —, are ae 
_ -- eomputed for various values of — and ———, with y varying between 0.1 
— 
| 
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Values of 
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or 0, a smatant. . From Fig. 9, k = 0.84 to 0.42, a mean 


0.0695; and s 
value of 0.38. of the set 


Ao = — BoDo; “a2 


and, s= = 15 constant. 


Be 


- 


= 


xponen 


+ Values of E 


+ ——* lo 


values fy ranging 0.1 to 20, 20, the ‘exponent, toe 4) 

the ratios, , are calculated and nd shown by ‘groups of ¢ curves in Fig. 
referring to Fig. 10(a), let Bo = 80 ft; Do = 20 ft; Bo 40; 
40 ft; D = 22 ft; and ly = 2 0 and 1.1. Then, as shown by the circles 


and dotted lines in Fig. 1 Exponent varies from 0.62 to 0.645, with a 


Circular Section. —In the of circular section ‘shown it 


= 


Brerore, 

ONG 

_ Se 


U 


f Exponent, 


ACNE 
\ 


| 


Values 


| 


of 


Fig. 11, oF k FOR CHANNELS OF PARABOLIC CROSS-SECTION. | 


cost (1 — 2) + (x—1)V 22—2 ,, 


ay ..... 
Py cos ~— 


rom 0.1 to 20, the exponents, s and k, corres 


= 5.4 f > 


D _ 


Zo = 
_ the circles in Fig. 12, Exponent s lies between 1.28 and 1.40 (mean, 1.34) and > 
Exponent & lies between 0.55 and 0.63 (mean, 0.59), Mir - 
‘= (d) Error Involved in Assuming That Section Indices, s and k, Are Con- 
 stant.—Generally, the values of s and k in Equations (13a) and (13b) in any 


: section differ slightly with changes in the depth of water, D, but, in this 


— 
=| 
— 
4 
— 
40: | For values of 
shown in Fig. 12. For example 
referring to Fig. 10(b vn in Fig. 12. For example, 
L by 
— 
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paper, the ‘avetage value ue for 1 the range in n which D changes i is used in order 
to facilitate the integration. . To study” the degree of error - produced by this 
assumption, comparisons are made between two examples in which rectangular 
sections are used for the back-\ water - experiments and the results obtained 


Drop- Down 


4% 


~ 


my 


REE 


| 


Fic. 12. -—VALUES 01 OF 8 AN k For Ca CHANNELS CIRCULAR ‘Cross-Si SECTION. 
to Fig. 4(a), for Example 1, let 2° =2. — 2. O;y 
= 1.01; and ++ 0.54 to 0.46 (mean assumed as 0.5 For E mange 2, let 
=5. 0;. = 01; and 0.60 to 0.40 (mean as 0.5). 


— 
— 
Backwater — 
— 
— 
— 
— | 
— 
8 
i 
— 1 
= 
4 
w 
| 
— No. 2, Table 1), let v= CR” S** and m = 0.5, Then, r = 2 8 a 
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sidered a variable, the Dupuit- -Masoni formula results, and the 


B and K are as shown able - 

TABLE 4.—RELATION BrTwEEN K anp Be Equations (33) AND (34) 


VS 


Exampre; 0 = 5.0 


if the values | of the ratio, —, are ) compared with the numerical values of | 


(which a are to the distance, 1, measured from the weir 
} various sections up stream from it), errors between the  Dupuit- -Masoni i formula . 
and Equation (17) will be as as indicated by Table 5. 


‘TABLE 5 5.—EFFrect OF AssuMING AN AveraceE VALUE OF 


Comparison or THE Ra Ratio, Sol 


0.3and K=0.17 | p=0.9and K=0.5 


Using Using Using 
“ol exact ] exact | mean | _ 
| value | value value | value = 
of k k of k ofk | ror 
(1) 


: 0.3539 
0.6517 0.6086 
0.9853 0.8972 
1.2016 1.0710 


1.5123 1.3005 ‘305: LO. 4.6624 .67 4.4110 
1.7828 1.4835 | 4.9211 4.5867 


2.3496 | —0. 1.8361 1.8498 | +0. 75 | 5.4608 | 5. , 4.8939 | 4.9205 


1 per oa. Generally, the “errors tend to inerease in the. -stream direction 
where the change i in the e depth of water is slight. Tf it is desired to find the 
shape of the back- -water curve more accurately for theoretical reasons, groups 
4 of curves similar to those in Fig. 3 ‘are drawn by using the average 
values of k only for the integration, r being determined by ‘using actual values _ 
of k for the depths of water in a given | channel. I Tt. is possible to find the 
values of ¢; and $2 from the ‘curves corresponding to rand s thus obtained ; 
but (except when ‘the weir is unusually high). the calculation is simplified 


considerably if the average values k are 


r — con 
s [| rela 
1 — 
. 
— 
| i 
| 
| 
— a 
7 
iii 
— 
10 | 0.6826 0.6074 | —0.20 | 3.8261 | 3.8224 | | 3.7365 | 3.7327 
5). — 
fem 
— 
33) im 
33) 
| 
34) 
— 
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4. —CALcULATED Examp PLES OF THE -WATER AND ‘Dror- 


order to the ‘method of “computing the back-water and 
_  drop- down curves presented in this paper, two general examples are offered. 


Example (A). -—Back- Water: Case of Trapezoidal Channel. —Referring to 
‘Fig. 8(a), let the side slope = 1 on 1; Dy = = = 30 ft; =x @ &; 
do = 80 ft; Bo = 1:1 600; Ao = 6 Xx + 6 = 216 sq ft; and 

o> —_——= = 4.6 ft. oc is necesary to use a velocity ‘equation in 


the: form of Equation (2) in which remains irrespective of R. 

sey 

Now, if the Manning formula is used (Equation (2), with m =3 4 and p =), n 


taking Kutter’s roughness coefficient as the mean velocity i is: 
— 4. 63 ——— = 5.15 ft per sec. Therefore, Q Ao = 6.15 


— 


= 30 Po by a a weir; ; then y 


=—=— = By Example (1) of ) of Article | 6, if 6= = = 45° then, a=cot 6= = =1; 


5; ; and, .08. It is required 

ak to find I, the distance from the weir to the section where the “depth of 


water is 18 ft; thus, y 18 _ 5, 4 
Fig. 9 may be selected the values listed in ‘Table 6(a); 


For soe D=12 | For depth, po 10 


9 

Symbol | 


(Al 

, 
Symbol 


ru 


(a) VALUES FROM Fic.9 - (c) From Fig.9 


My 


Equation (15). TEquals2m(s—k), 
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these, the integrals, ®, and listed in Table may be selected 
Fig. 8. Substitution in Equation (18) then yields: 
— 0.194 (1.80 ae 80) = 2. 06; and, shill is 1 = 2.06 x / 
x 1600 = 19776 ft. In this case the last quantity of Equation n (18) (w hich alll 4 
om multiplied by J K) is ‘insignificant, but t it can n not be overlooked when 22 < 2. 52 
Example (B).—Drop-Down: Case of Channel—Referring to 
Fig.  4(b), le let Do = 15 ft; De = 0 ft; R= = 80 ft; S 
30+2 x15 wy 


Ve = 74 Consequently, Q= 450 7 


4 


xX 5.69 = cu per K: mee 
ee D, is 3 equal” to 10 ft (that is, if it is ‘nearly equal to the critical ant, 
t the cross-section over the fall): = 6 = 0 
s = 1; and, — = 0.25. (See Figs 40) 1 8(b). x 
* to find from the fall in 
12 ft: Yo = 
me 
and listed in Table 6(d) be selected from Figs. 5 and 6. 


‘Substitution in Equation (20) im 

~ 0.074 (2. — 9, 08) = and, therefore, t= 

Pt In general, the e deciding factors i in 1 establishing the shape of the back-water 
curve are the shape of the channel cross-section and the degree o of roughness. 
The former is the more im important and the inadequacy of previous formulas 
is : due, in large measure, to ignoring its relative Ms rasan! Leg 
i In the experiments described herein, both the cross-sectional shape and the 
“surface roughness of the experimental channels were | varied ed. Moreover, di due _ 
to the shortness of the effective length of the flume i in this experiment, it. was 7 
to. determine the height of the water” surface: covering total 


2, the profile is equivalent to a a curve constructed by 


d ‘ 
P 
id. 
Re 
) 
ad 
— 
y 
ed 
| 
om = 
ith 
— 
4 
: 
— 
sg 
= j 
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— 


= 1.6; 1.6 to 1.2; 1.2 to 1.05; de’ ae: in the experiments ; reported 

back- water curve teaced by connecting several back- 


curve obtained contains from three to nine experi- 
mental valnen which indicates that a considerable number of measuremer its is 

: required for channels of easy slope, So. On the other hand, if So is too steep, 


the ny of the imag becomes very great and the flow unsteady ; in extreme 


— 
~ 


“the w weir is Rena fixed at 1:500 and that of the drop- -down at from 1:500 
to 1:2000. In order to to study the influence of roughness, two kinds of sections 


were devised for e each type of channel section: (@) A smooth flume i in which 


% the i inner surfaces were planed carefully; and (2), a rough flume in which the 
< inner surfaces were lined with 3 g-in. mesh made of No. 20 galvanized wire. In 


a" addition, the outer surfaces of the flume 1 were submerged in water to avid 

deforming the flume by alternate wetting and drying. When the flow was 

variable, the distance, (from the weir to the section up stream, where 


the depth of water is D), was mes measured, and the back- -water and drop- -down 


7, 


are represented by the relative values of —°- 


ot The typical sections of the channels svndied in ite: writer’s s laboratory are are 


shown in in Fig. 18, the dimensions being as indicated. For ‘measuring the dis- 
charge a - common weir was used; and the height of the water surface was 


with an o ordinary engineers’ “level and needle-gauge readable the 


at 0. 2-m ‘0. 656- 56-ft) intervals to measure a- 


tion of the water surface at important sections, ‘such as the lowest point of of 
drop- -down, where the d depth of water or changes abruptly. a 
the down- stream end of each channel a brass, rack 


4 
4 
q 
— 
— 

— 

— 

— 

— 
a 
Ww 

Water depths were observed at 0.5-m (16.41-in.) intervals for rectangular  p: 
ar 
% 
— ‘fo 
— 


h Rectangular Channels. to Fie. 80) and 13(@), let: 
Bo = 7.874 in.; So = = 500; Do = 1.9685 in. ;D= = 3.937 in.; Vo = 1.61 ft 


Ti- Using Manning’ s formula for uniform flow, , with v various slopes, and assum- 
} is ing C to be constant, the writer found by actual measurements that the value — ’ 
of m was also nearly a constant, and was equal to 0.65. 4 ‘ 


The effective length of the channel was 11 (36. 09 ft). The dam at 
om — lowest down-stream section was adjusted so that Dy = 2 — = 3.937 in., , and 
500° te elevation of the water surface was measured at 0.5 5-m intervals (1. 64 ft). 
ons § Then the dam was re-adjusted to make D, = 80 mm (3. 15 in.) and the w water 
‘ich § 8 surface elevations were measured again. This process was repeated until four ; 
the — series of measurements had been made for different values of Do; »; then, each 
In was plotted and the back- “water curve from 3.937 in. to 2.087 i in, (the 
Frcs of water above the weir), was ‘measured. The result thus obtained is 


Be sh 1own by dots in Fig. 14(a); corresponding data pertaining to rough channels _ 


om pr Ratio, Se a sectenguler 

4(a), s = 1.0, the mean value of k Y = 2.0 Y 

was m(s—k) = 2.00 2 x 0.65 (1 — 0.38 


2s=0. 


After reading the values of and for r = 2.81 and r—2 ‘= 


idle correspond to various values of 4 y -—* from Fig. 3, the values of 22° 


Next, in 


4 a 


2 


can be computed by Equation (18) _ and arranged as in Table Ta 


order to compare the errors in various back-water formulas that have been 
heretofore “(see Table 1), the values of 


formulas are likewise tabulated, and the b 

gular paring with the results of the writer’ 3 tests. Because of minute surface 
ames and ‘Stationary waves which exist in the experimental ch: channels, variations of 
leva- a “fraction of a “millimeter occur in the test readings. _In some cases these 
nt of variations make it to determine the a 


formula. 


“were | quite erratic, due to dation in the chennai beam 
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the = — 
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Fi 

— 

regu- Although the magnitude of the errors in the experimental observations - ; Lag 

1 end | Was very small, the effects of these errors on the back-water curves for small — 

eding 


Smooth Channel 


ak 


wononobe! 
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TABLE 7%. MEASUREMENTS; CoMPARISON OF THE 


ORMULAS 


, DETERMINED BY EXPERIMENT AND BY F 


| 19 | 18 17 | 1.6 7 | 14:1 | E 1.1 | 1.05 | 1.01. 


AND FOR THE CoRRESPONDING VALUES OF D,ININCHES: 


3.740 | 3.543 | 3.347 | 3.150 | 2.953 


Taborstery test 46 58 0.853 | 1.020 | 1.200} 
; 6 0.867 | 1.030 | 1.242 
Zs 0.808 | 0.956 | 1.147 

0.941 | 1.148 | 1.449 
0.855 | 1.070 | 1.328 
0.849 | 1.021 | 1.270 
0.954 | 1.198 | 1.576 
0.905 | 1.106 | 1.368 
| 0.726 | 0.840 | 0.966 


Laboratory test...........] 0. 0.231 | 0.355 | 0.485 1.106 | 1.388 
Mononobe 0.233 | 0.355 | 0.482 1.110 1.627 
i i 0.241 | 0.368 | 0.500 | 0. : ’ 1.166 | 1. 1.722 
0.229 | 0.348 | 0.472 1.092 1.595 
0.234 | 0.359 | 0.486 1.148 1.714 
0.228 | 0.344 | 0.465 1.070 1.558 
0.216 | 0.330 | 0.446 | 0. : ' 1.021 1.466 
0.210 | 0.329 | 0.458 | 0. 1.198 1.943 
0.211 | 0.327 | 0.451 1.106 | 1. 1.553 
-105 | 0.213 | 0.322 | 0.434 0.959 1.333 


0.100 | 0.201 | 0.302 ; 0.510 | 0. 0.725 | 0.848 
, 0.201 | 0.303 : 0.512 | 0. 0.736 | 0.854 
0.209 | 0.315 F 0.537 | 0. 0.784 | 0.934 

0.213 | 0.322 | 0. 0.550 | 0. 0.805 | 0.960 

0.229 | 0.348 | 0. 0.604 A 0.903 | 1.093 

0.234 | 0.359 0.623 0.941 | 1.148 

0.228 | 0.344 ? 0.590 | 0. 0.885 | 1.070 

0.330 | 0. 0.570 | 0. 0.849 | 1.021 

0.327 f 0.586 | 0. 0.905 | 1.106 


7.480 6.693 | 6.299 | 5.906 5.512 5.118 | 4.724 4.331 

0.105 | 0.212 | 0.322 | 0.436 | 0.552 | 0.678 | 0.814 | 0.992 | 1.194 
.110 | 0.217 | 0.327 | 0.436 | 0.554 | 0.681 | 0.818 | 0.979 | 1.204 
.107 | 0.211 | 0.320 | 0.429 | 0.544 | 0.663 | 0.792 | 0.939 | 1.132 
.112 | 0.226 | 0.345 | 0.467 | 0.595 | 0.729 | 0.887 | 1.070 | 1.326 
-111 | 0.216 | 0.330 | 0.446 | 0.570 | 0.701 | 0.849 | 1.021 | 1.270 
.116 | 0.234 | 0.359 | 0.486 | 0.623 | 0.772 | 0.941 | 1.148 | 1.449 
.112 | 0.227 | 0.344 | 0.465 | 0.589 | 0.728 | 0.885 | 1.070 | 1.328 
.106 | 0.217 | 0.332 | 0.452 | 0.577 | 0.712 | 0.872 | 1.078 | 1.374 
.163 | 0.211 | 0.323 | 0.451 | 0.586 | 0.735 | 0.905 | 1.106 | 1.368 


| 8882 "S328 


« 
Qo 


Qo 
oo 


— 


Ss 


Value t Different from Tables 1a), and 70). 


channel ; 


quently, however, defects were corrected ; the experiments 
conducted under almost ideal conditions; and the results coincided fairly well 
with the writer’s calculated values. 


For example, comparing the experimental and values of various 
‘formulas of back-water (see Fig. 14(a)) for the case of a nat rectangular 


. iim 
669 
— 
| 
a 1.333 4 
1.409 
1.558 7 
1.466 
1.943 
1553 
— 
| 
| 
| 
1007 | 1.118 | 1 
1.139 | 1.309 | 1 — 
1.166 | 1.335 | 1 . 
Rablmana 1.449 | 1.714 | 2 
1-368 | 1.553 | 1. “a 
4.130 | 3.980 — 
1.373 | 1.72300 
1.285 | 1.578 — 
1.466 | 1.766 
— 1.714 | 2.277. — 
| 1.558] 7 
1. 
|g t - 
5 ter was impounded by the weir and absorbed to some extent by the > oh : a 
| 
— 
a 
“§ 
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lume, the Dupuit- Masoni formula is found to be the most rational, but the 


values of are a little greater, due to using the Chezy formula in n which C . 
is considered as a constant (that i is, m being assumed equal | to 0.5 in Equa- a 


tion (2)). . However, this. formula (Item 2, Table 1) agrees more nearly 
with experiments than any of the others. 
~The Dupuit- Masoni formula was for a_study of ‘the elation 


derived by Bresse, and the s section. was a broad one. _ Errors due to these tw: o 
assumptions are ne gative in ‘sign and their magnitude is far greater than 


the positive e errors due to a positive value of C.. the 
“ratios, 5 , by the Bresse formula are slightly too onal. 


~The Riihlmann formula (Item No. 3, Table 1) is derived by cialis the 
a. It yields values considerably 


in excess s of those found by the writer, ‘using a smooth channel with a steep 
slope and a relatively high -yelocity. This particularly | true toward the 


up-stream end of the profile where the ri rise in water surface is slight and, 


s hence, this formula i is not not applicable w hen it is s desired to find the position n of 


point w which is to be regarded a as the u upper limit of the back-water. a oy a 
ae Schaffernak formula (Item No . 5, Table 1) is based ‘upon almost the 


same assumption as the Riihlmann formula. It was found to coincide some- 
_ what better than tne Riihlmann formula with  expesinnontal results, sin since m is 


equal to 0.75, C being as a Values of ~ by this formula 


ome 
2 


+ 


ery 


is to be broad, which gives es rise to errors, but those caused 
by ‘neglecting the velocity head tend to ‘0 offset them so that, in. general, ‘positive — 
errors are obtained. However, the errors were f found to be smaller 


than in the case of the and formulas. Ke 
y In the Baticle formula (Item J No. , Table 1) the velocity head is diste 
‘garded, and ‘the | irrational assumption is s made that = for a rec- 


tangular channel. « ‘errors thus introduced are so as to make 


Poirée formula has no theoretical basis in hydraulics, but for 


= tT rectangular channel its errors” were found to | be rather less than those of 


ome of the ‘more coniplicated formulas. 


The Tolkmitt formula applies to parabolic sections, and the effect of apply- 


ing it to rectangular s sections is to introduce serious negative errors. 


Channels. —To simulate > roughness, the was lined 


Bo 
7.874 in.; So = 1:500; De = 19 in. ; Vo = 0.886 ft per seo; Ds = 3.937 - 


+ & 


us 


in Equation (2), m = 0.70 and s= in Equation 
al 


+5 and, i 


fh 

— 
la 
— 

— 
— in 
— 
— 

— 

— 
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lerably greater because the rectangle is assumed to be 
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back- water curves obtained by experiment from various formulas: 
are shown in Fig. 14(b), and values of Se o_ shown in Table 7(b). — The © 


e in this case is somewhat greater than | that for a smooth — 


ic) 
4 
oO 
Qu 


In the velocity formula ree rough: channel sections, m = = = @ 70 


actually ; but in the Dupuit-Masoni formula, m = 0.50 so that the errors are 

greater than those for smooth surfaces, and values” of are always too 


In the Bresse formula, errors in the r rati », == , are rather smaller than 8 
those in the receding because the errors in assuming and those 
7 Pp 
‘ introduced by assuming the rectangles to be broad cancel each other. — 


laboratory: tests because the degree of ‘roughness is great and the velocity is 


small; hence, the effect: of neglecting the v elocity head is considerably less 


Values computed by the he Riihlmann formula agree remarkably with 


we 


serious than in the case of smooth ‘channels, by. Moreover, errors due to the . | 
illogical nature of the formula and those. introduced by assuming the rectangle ae yy 


to be broad, cancel each other. In this case the ‘errors are smaller in -com- | 


parison with those for the smooth channel, and the calculated values a agree 


‘especially well with experimental values in the lower part the stream 


_ where the. velocity is small. . However, the cancellation of various errors in 


= manner is rather accidental and can not be. expected to occur in a a . & 


Smooth, Right Triangular Channel. —The characteristics of the flume. 


case were: 1:500; Do =1 97 in; = 3. 937 in.; Vo = 0.866 ft 
sec; and, Y = 2.0. in case of a triangular section, s= 2.0; 


= 1.0 (and both these indices are fixed); and, = 0.70. Therefore, 
2414 (2-1) = 545 r—2s=14 


Back-water curves obtained by experiment and those obtained ‘by caleula- 


tions using the writer’s formula, and other | formulas, ‘are shown in Fig. 15 


Originally, 2, upon which | the Baticle formula is 
based, was considered ed suitable f for triangular or approximately trapezodial — i 


_ sections, and in n spite e of the fact that it neglects. velocity head, this formula 
_ Yields results that are fairly in accord with experiment. - This illustrates the 


predominant importance of the shape of t the section, ao 

. _ Positive « errors due to assuming a . broad section are re quite serious in app 
ing the Bresse formula, to smooth, triangular channels. Since the Chezy 


= is also involved, introducing other positive | errors, the total is is quite P 


The Riihlmann, Schaffernak, and Ehrenberger are based on the 


f a broad section; ‘and the ve 


locity head is neglected, ‘80 that 


he 
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the errors are all positive and considerable. Serious” errors, 


introduced in working with the Poirée formula. 


Rough Trapezoidal Channel. —The characteristics of the flume for this ; 
Pie -13(c)) were: 81 in. ; = cot cot 45° 1; 
sl: 7500; Do = = 3.937 i in. ; Dy = 7.874 in.; ;¥= 2.0; Q = 0. 625 cu ft per 


sec; and d Vo = = 1.453 ft per 


wy 


Inches 


Din 
> 
a 


| 


15.—Back-WaTeR MEASUREMENTS; TEST VALUES | WITH LTS BY 


F 
: 7 a the up-stream end and of the fettinel. weir at the lower end extend quite a 
distance into the channel, reducing the length of a stream in which there is 
uniform flow, and the effective a 3 is only about wih ft. - Moreover, in order 


te obtain a same ratio, —--, it was necessary that. the channel be longer than 


adil of the ‘the results were more uniform 
the writer’s method o of computation: 


9, of s ‘and k between the limits, 
and Y = 2.20, are 


Inches | 


— 


‘me 


— 
— 

— | | | | 
=A 

— 

equals 0.7 so that r = 3.60; r — 2s = 1.04; and, 


“May, 


Thevefeve, the integrals, ®, and &,, for any arbitrary eile of — may be 


read from te: curves of With given of s 


such back- water curves a as those shown i in Fig. 


are shown solid- curves in Fig. 16. 


12.0 


Series~ 


40° 80 ‘12000 200 ~ 240 280 

Fig. 16.—Back-WaTeER MEASUREMENTS; TEST VALUES CompaRED RESULTS BY 


INVESTIGATORS ; RouGH TRAPEZOIDAL CHANNEL (SEE Fic. 13(c)). 
The Tolkmitt formula was derived for application to the sectio 


river channel, this gives results that are fairly in with actual Ly: 
conditions. Positive errors are produced because m = 0.5 was used in the aa 

: velocity formula, but errors due to the difference between sectional shapes are 
negative and 1 relatively large s so that the total errors are negative and are not 

large. In applying” the Bresse formula to ‘rough trapezoidal channels errors 

: due to the shape of the section and the Chezy velocity formula are both posi- 


Use of the Rithlmann formula introduces positive errors due to the 


involved in both the Schaffernak and Ehrenberger 
e case of the Rihimenn 


a In the case of the Baticle formula, the assumption as to the shape of the , 


cross- “section is closer to actual conditions read in the ca case of the Rithlmar 


formula; but the errors are greater. 


} 
s are computed and = 

| | ZZ ag 4 | 
“a 
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In the ‘experiments to study the down, the same e channels used 


ax 
as in the case of the back-water except that the depth of water ‘was more 
shallow and th the velocity and the slope of the water surface were increased. 


re Tests were made at depths, Do of 3. f 3.987 3 in. and 5.906 in. ; and the slopes V were 


Smooth "Rectangular Channels. Referring to Figs. 13(a), 
= 7.874 in.; Do = 3.937 in.; De = 2.46 in.; So = 1: 1000; Vo = = 1.385 ft 


‘sec; Q= = 0.298 eu ft per sec; and Z = Do 


‘bat 1 near the lowest end of the channel where the slope ‘of the water surface i is 


w were t taken at 20-em (7.874-i in. ) interv: four | observations, for 
DR 
Po, were plotted ; and the drop-down curve from 
Ds ‘= 2.461 in. to D = 3.839 in. was 
critical depth, De (the limit jet flow ordinary flow) was, 
2.232 in. in order to prevent the occurrence of 


down, the depth, Ds, at the lowest end of the « channel was st slotted as 2.46 in. 
ey 


he Ratio, —In a rectangular channel, ‘such as Fig. 


4 and nt 01 is determined from Fig. 9, as follows: a = 0; 


— ;and k = 0.47. | Therefore, + r = 2.74, and K = 0.202. © 


- The integrals, W, and &., for a series of z-values are read from Figs. 5 , 6, and 
—%, for r = 2.74 and s=1. 0; the ratio, , is obtained by substituting these 


values in Equation (20); and I is computed by simple, algebraic transposition. / 


the curve corresponding with r and lies between two curves of 


As is from Figs. 6 | and 7(a), the ‘values of the effect 
of the change of the velocity | head, are relatively quite important for “drop- 
down measurements as compared with back-water measurements. ks ‘It is only by 
multiplying them by the coefficient » K<1, that the values of 


smaller than which e expresses” s the friction loss (see Figs. 5 and 
_ Consequently, it is clear that all the current drop- -down formulas in we 


the velocity head is ‘neglected, are entirely, imadequate. Tite 


i Referring to ‘Figs. | 5 and 7 (a), the increase in , as compared ° with | the 
increase in 2 is very small w when a certain value. For 
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use. the application | of. this of 
limited to the part of the channel in which the flow is normal 3 it is -— 
, applicable to the parts of the channel shallower than De, such as the cas case in 


which z 5 2 at the lower end of the >channel, 


‘Test Measurements for the Drop- Down Curve is Smooth Rectangular 
Channels.— —Test values for drop-down, with corresponding values derived by 
current formulas in wa in Fig. 17(a), and corresponding values 


TABLE MEASUREMENTS; Comp oF THE Ratio, 


DETERMINED BI AND BY py Formutas 


of D,in | 4 |Mononobe| Tolkmitt*| Bresse— Koze nak 


1.50 .628 | 0.0053 | 0.0046. | 
1.40 —0.0132 0.0130 

1.30 0.0376 0390, 
1.25 
1.20 
1.15 
1.10 


1.05 
1.01 


.073 | 0.0026 0018 0013 
| 0.0064 

.317 | 0.0118 
462 0.0195 
.628 | 0.0350 
‘815 0. 0613 
| 0.0956 


.0039 | 0.0030 | 0.0113 — 


(a) SmoorH RecTANGULAR CHANNEL 


| 0.0102 0. 


.280 | 0.292 
.425 | 0.449 
580 | 


0. 
0 
0 
0 
0. 
0. 
0 
0 
0 
0 
0 


215 0.0019 | ...... 0.0054 
0.0098 | . 0.0224 
0.0175 0.0368 
0.0310 0.0584 
0.0532 | 0.0953 
0.096 (0.158 


0.490 0.660 


head is s considered and m = 0.70 in 


velocity formula, but the section is” assume o be rectangle 


— 
ingly, the actual di very small, which means 
ed 
re 
re a 
» | 
1 7 
ils. 
— 
for 
— 
om 
‘ 
— 
as, 
op- 0494 0.0392 0.082 0.1059 7 
| 0.059 | 0.117 | 
. 114 | 0.0924 | 0.165 0.204 
182. | 0.151 0.248 | 0.29  +(+<« 
1.9 0.0032 | 0.0040 4 
«1.6 | 0.0209 | 0.02770 
| 0.0323 | 0.04831 ##### 
1.4 0.0500 0.0667 4 
0.440 | 0.516 
3.156 | 0.0052 | 0.0063 | 0.0100 | 0.0214 | 0.0146 0.0250 0.285 — 
on. | 0.0137 0.0132 | 0.0248 0.0413 0.060 | 0.0686 
1.15 | 3.424 | 0.0258 | 0.0245 | 0.0528 | 0.0996 0.0816 0.108) | 0.128 
ect 
by | | 0.0291 | 0.0707 | 0.0905 
ide 1:20 | 4 0478 | 0.1057 | 0.1306 
> 0772 (0-154 jos 
‘ch 255 | 0.414 0.472 
ce, { a im 
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Mononobe 


YGULAR CHAN 
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— becomes very small. In other eit, negative errors are produced 
and they become greater toward the low end of the flume. 


In the Bresse formula, the - negative errors due to assuming a broad rec- 
 tangular section, and the positive errors due to assuming m = 0.5, cancel each 


other. a The resulting errors are negative, but rather emaller ( than those intro- 


The ‘ioe: of S is increased considerably i in the Rihlmann formula d 


to neglecting the velocity head and to assuming that m= 


* In regard to the Schaffernak formula, os 0. 75 is too great a value for 


a channel such as that: used i in the e experiment because the “om of roughness 

relatively slight, errors: are Produced for 


smooth 


channel w was made to ) simulate ‘roughness by lining it with wire 


characteristics we were: By = 7.874 in.; Do = 3.937 

0.180 ft Vo = 0.863 Ds 1.968 in.; Z D, = 


o almost equal to the calculated values of the: critical depth of water. 

For convenience ‘in computing the back- water curve, the section at which — 
the depth of water, D; = = 1.968 i in. ” is used a as oy starting point. — the 


writer’s formula : s= 1.0; m = = 0.7 70 


and the average value of k, 1.01, is k = = 0.46. ‘Finally, 
= 2.75; and K= 0.078. Values of the and can be read 
directly from Fi igs. . 5, 6, and 7. t Then, similar to the case of back- water « com- 


_ putations, it is possible to calculate the values of - - from Equation (20). 


Th computing drop-down by ‘the -Riihlmann formula, the negative errors 


due a broad. cross- section, the positive errors introduced by neg- 


— 
| 
reduced Dy tie or broad but the ultimate 
a 
— 
g errors are considerably less than those involved in the Riihlmann 
| 
| 
| = 
— 
| — 
— 
J — 
— 
— 
— 


lecting the velocity head, and 1 the assumption n that m = = 0. 5, cancel each other, 
~ and the errors are n¢ negligible e except in the low end of the flume, but the can- 


cellation of the e errors is rather accidental, 


Accidentally, the algebraic | sum m of the positive errors introduced by the 
Schaffernak formula due to neglecting the velocity head, and the negative 4 


== 0. 75, is almost equal error caused 
t ne resse ormula. 
Channel.— 


af 


Vo = 1.083 ft per sec; me 


in, Experimentally Dz, was found to be 2.98 in., but for conve! 
water 1 is assumed to to occur at the section where D. = = 38: 02, in, 


7 wi The computation eby the > writer’s 1 method is ; as follows: . 
—_ =1. 0. 70; 7r 5.4; and K 


Values of in 
past REMENTS ; TEST VALUES COMPARE > with RESULTS BY 
; SMooTH, RIGHT ‘TRIANGULAR CHANNEL (SEE 8(d)). 


on 
— 
— 

— 
— 

2.0 60 | 
| 
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6, 6, and 1, and 
ratios, ar are computed (0). as well 
as the calculated drop- down mae based on various formulas. are shown in 


Fig. 18 and the eieaiiatel values of based on various formulas are shown © 


_#F or the triangular channel section in. general, positive errors” are intro- 
duced by ignoring the velocity head, , by assuming rectangular or Parabolic 


sections, and by assuming that m m= = G8. 5. Being all positive in sign these 


_The Kozeny formula involv es the vty head and » m is s assumed equal to 


oman 
ly ‘and errors 150 or 200% ar are produced, This 


once more the importance of the shape of the cross- section | in computing the __ - 


drop-down. 


ne Because of the assumption at m = = 05 5, errors are introduced in the 


Bresse formula which are even greater than those in the Kozeny formula. 
_ The Riihlmann formula applied to smooth triangular channels, involves 4 

“excessive errors due to. various causes, which are all positive. ‘The r is 
c that the total eace is a serious one; for example, at the point where 


101 (that is is, near extreme upper end of the -drop- down), the errors are 
4 about 200% and near the lower end of the | drop-down these errors are as much — 


400 percent 


In the Schaffernak formula, m is assumed equal to 0. 5, so so that e1 errors are ar 
smaller than those: of th the Rithlmann fe formula. 
* Rough Trapezoidal ~Channel.—The characteristics of the flume for this 
ease (see ™ 13(c)) were: do = 11 81 in.; a = cot 0 =1; 8 = = 1:500; Do 
ss “ae in.; Vo = 1.837 ft dated sec; Q = 1.338 cu ft per sec; Ds = 8.937 in. in; 


depth of water, Do, was as 4. 016 — 


Hence, Fie. 9 to find the average values of s and k between 
= 1.5 and z = = 101,+= = 1.31; k = 0.57; and m = 0.65. _ Therefore = 3.58; 


~The t test ‘values for drop-down and those calculated from vé ous formulas ( 


F are shown in Fig. 19, and the , calculated values of —2-, obtained by using 


> several formulas are found in Table 8(d). 


Tn applying the Kozeny formula to rough, trapezodial flumes positive 
“errors are introduced by assuming cross-sections, and small nega-— 
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tive errors by that m = 0.70. However, the total errors are less 


in this case than i in the use of the other er formulas, because the velocity ae is 


3 


nche 


>. 


Fic. 19.—Dror- Down ‘Test COMPARED WITH BY 
; RovucH ~"TRAPEZOIDAL CHANNEL (Sep Fic. 13(c)). 

The _ velocity head is considered in the ‘Bresse | formula, but since m 


is assumed equal to 0. 5, errors are introduced which a are. greater than those by | 
the Kozeny formula, 

= In using x the Schaffernak formula, m = = 0.75 is too great, and | insignificant 

negative errors” are ‘introduced, but because the velocity head is ignored, the 

ei i The total errors involved are greatest in the case ‘of the Riihlmann formula 
because it most of "the unfavorable conditions 

a In formulas for and drop- which are in use 


Fey: errors that enter because of illogical assumptions are: wi 


qd Errors Introduced by Assuming C in the Chezy Formula as a 


(a) In back- water computations, the actual value of Cc increases anita 
with increasing depth of water in a down- 


~ 


pers 


~ 


co 
= 


| if 
— 
— ; avers : 
a 
to 
for 
— 
a 
— 


the ‘computed ‘surface | slope, S, becomes steeper than 

depth of water is constant at the weir so that the computed distance, 1, hte, 
the weir and the section where the depth of water is D, becomes too small. . 


Moreover, So and | Do are fixed values so that the ratio, ——, is too small, ~—s 


error: involved i is negative. 
a (bd) In drop- down coniputations the computed velocity is more than the 


pe if C for the case of uniform flow is used; consequently, the drop com-. 


puted is too great and positive errors are introduced a 


(2). —FErrors Created by ) Neglecting the thange i1 in Velocity Head, 


“4 (a) In the case of back- water, the velocity, V, decreases in a down-stream 


: (b) In the case of drop-down, is positive; and if this term is 


sregarded, the the e computed s ‘lope, ‘8, is to maintain the flow, 
becomes small and the drop- -down in the surface becomes great. 


Positive errors greater than 1¢ 100% are often introduced in the values of — 


especially n near the lower end of the flume. 


(8). —Frrors Caused by Assuming the Ohannet Section to Be Very Wide.— 
(a) In the case of back-v -water, the effect of assuming a wide cross-section — 


is the same as assuming ‘that ‘the wetted perimeter, P, is equal to the width © 7 


i the surface. That is, the hydraulic mean depth, R, is assumed to be 

? than its true value, Thus, ‘the value S in Equation (1) becomes 


is make ‘the e computed water- “steeper ‘than the ti su ‘ac 
dope and, « consequently, th the computed value of is too too great. 
The foregoing conclusions, and supporting arguments, indicate that 
er for drop-down and back-water in current use, result in n ratios, 


which are either too great or too small. The effect of adopting ‘illogical: 
assumptions is to superpose positive and negative errors. 


, if C is assumed constant and equal to its value for the original uniform flow, 
| — 
— 
| 
— 
3 
— 
— 

Be 
— 
Neglec Ing nis actor, 

orresponding to the fixed — 
lower end of the flume 
| is constant, the calculated water level at points toward the upper end of  &§ ee 
the flume is too high: consequently, the elevation of the back-water is too | a 

ee 
— 

160 

— 
— 
it 
hy 
— 
e 
— 
NA 


_BACK-WATER AND DROP-DOWN CURVES Papers 
these e errors may -eancel to some extent, but more ten: they build 
serious discrepancies of one sign or the other. Ls For this reason many of the - 
old formulas have yielded data involving seriously large errors, ‘especially in 


careful reading of the manuscript, for valuable suggestions, 
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DYNAMIC DISTORTIONS IN ‘STRUCTURES 
SUDDEN EARTH SHOCK 


t= = 


HARRY A. WILLIAMS," Assoc AM. ‘Soc. CE 


‘ Synopsis ‘ 


An inspection of indicates ‘that the ‘ground may have > 


practically harmonic motion for several successive swings after the initial 
> 


shock. a The amplitude and perhaps the period of the motion is then changed, 


Some engineers feel that ‘it is scarcely possible, 

‘under these conditions, for a structure with a period of vibration very close 


‘to o that of the ground to attain critical distortions because of insufficient t time - 


for the » amplitude to build ‘up. This paper contains the | results of ‘model 
experiments on a single- “mass system and a theoretical analysis of | the behavior 
of water tank, subjected to a sudden shock followed by 
monic vibrations. The results indicate that for single- -mass structures in 
the near-resonance condition, critical displacements can be built up before the 
type of ground motion changes. T here i is as yet insufficient experimental | evi- 
dence from which to draw similar conclusions for multi-mass structures. 


- tory at Stanford “Tniversity, in California, dealt with the dynamic equivale 


ofa single-1 -mass structure. ¢ sketch of the modal os: installed-on 


the shaking-ta -table is ewe in Fig. oe The operation of the vibrating system 


was as follows: The t able was given a sudden acceleration by dropping the 
pendulum against the bumper spring. When the stiff bumper spring recoiled, 
- contact 1 with the pendulum ceased, and the latter was withdrawn from action. 
resulting motion of the table— —the ground motion—was harmonic, the 


ae —Discussion on this paper will be closed in September, 1936, Proceedings. a 
J ie 1 Asst. Prof. of Civ. Eng., Stanford Univ., Stanford University, , Calif. a: gua 


it 2For a complete mathematical analysis see “Vibration Research at Stanford Univer- 


by L. S. Jacobsen, Bulletin, Seismological | Soc. of America, Vol. 


19, 
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“The mo model was that the amount of viscous damping 


Beam 


Brass Plate. 
Pendulum 
Bumper Spring 


tance: to vibration which is directly. proportional to velocity, ‘such as that 


offered by : air or fluid friction) could be varied and the effect on the model 
‘motion studied, by 4 fastening a brass plate on the under side of the I-beam 


such a way the plate moved through a a field set ‘up| by to 


proportional to the relative velocity of with r respect to the 


= ee motion of the model with respect to the floor of the laboratory, and the 
yelative motion of the model with respect to the table. Since the engineer 


ie concerned only with the relative motion T 7 a structure with respect to the 


ground, the records of absolute 1 motion have not t been included d in this | } paper. 


6. 508 sec. It reached a maximum amplitude of 0. 93 in. “ne aoe first swing, at 
which point the acceleration was 8. 5% of gravity. 
Fo gk curves of relative motion i in the paper are upside down with 
. It was necessary to take the - experimental records 


in this form and the ‘theoretical curves were made in the same \ way ‘to be : 

The 


Tests made with of springs * 


‘thle factors were such that i in the first series of tests (Fig. 2(a)), th the. free 


period of vibration for the e model, 0.390 ‘sec, was less than ‘the period of the 
_ table; in the second series (Fig. 2(b)), it was 0.534 sec, or very nearly the same _ 
as that of ‘the: table; and i in the third series (Fig. 2(c)), it was 0.611 see. With 


each set of 3 springs, tests were made for three different degrees of viscous 
damping by varying the current through the clectro-magnets. yo Curve 1 of 


‘Fig. 2(b), for instance, records the test in which the viscous ‘damping con- 
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4 hed to the model and to pens in su 
= ed to 
in Fig. 2. The pen received a maximum 
by Curve 4 in Fig the impact the table rec d of 
— shown sec, During the impact 1 ccurring at the end 
for 0.077 sec. f gravity, this spring ceased, 
t acceleration of 14% the pendulum and bu 
0085 seo. After 
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was quite small, is increased f rom 0.05 to 0.10 and thence to 
= 15 Ib — in. per sec in the tests recorded in Curves 2 and 3, respectively, of. 


4 Discussion “AND anp A ALYSIS. oF ‘Test Resutrs 


When the pendulum strikes the ‘Sonne spring on the table, the latter is 
accelerated for a very short period—0. O17 sec sec in the present case—after | 
which the pendulum ceases to affect the natural free vibration of the table. 
‘The amplitudes of these free vibrations: are reduced » by friction until motion 
finally ceases. the first two or three complete oscillations of the e table. 


of interest in this: investigation. uination of the records shown | 


(Fi ig. 2(c)),. than that of ‘the foe is 
large, and the “maximum i is attained in a very few cycles ; 


(2) When : a near-resonance condition prevails. (Fig. 2(b)), the amplitude 
is large, and the time required to reach the maximum is somewhat longer; and 


1d the tin i 7 


(8) The effect of increasing the viscous factor, cs, is to decrease 


_ With to (2), it is important to notice that the 


the first this would be « expected s since 
‘major part the damping results the presence the e "exponential 


‘the 1 nathem atical expression for nt, When tis 


small, this factor differs but little from unity, and, therefore, the amplitude 
~ decreases slowly. _ Hence, the presence of a moderate amount of viscous fric- 


tion in an actual structure may not prevent the attainment of dangerous 


amplitudes. A critical | amplitude may be reached before friction has much | 


he 
Bewavior or Mopet For ‘DirFerent Prrtops or Taste Mori 10N 
Theoretical curves in Fig. 4 show the behavior of the model for - three 


“different table motions. In Fig.  4(a), the period of the table is greater than 
‘4 that of the model; i in a Fig. 4(b), it i is the same | as in Curve 3 of Fig. 2(d), 


which i is the near-resonance condition; in Fig. 4(c), the table period i is smaller 


than that of the model® 

‘The mathematical expressions’ “used in plotting the curves in Fig. 4 are similar to 

those developed by Professor L. S. Jacobsen, in his paper, ‘‘Vibration Research at Stantord 
University”, Bulletin, Seismological Soc. of America, Vol. 19, No. 1, March, , 1929. 


— Very good agreement was obtained between the experimental records and fF 
— 
— 
_- 
—_ 
oe oe @ The enveloping curves for these tests, plotted in Fig. 3, show that a large 
a ss percentage of the maximum amplitude reached in any given test is attained 
ie i_ — connection with Item (3), the effect of damping on the period of vibra- £ 
— i 4 tion is negligible. If the friction is small, the amplitude will build up some- a 
| what more rapidly and will be greater eventually than if considerable friction 
— 
— | 
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= 
result, in general, i is the same as for the actual tests. As: the sii eee 
4 
‘is pr near-resonance condition, the maximum amplitude is 


less than it is for that condition, and it is built up ina very : few cycles. 7 ‘Tap 


It should be emphasized at this point that the distortion attained by ‘the exp 
vibrating is directly proportional to the ground amplitude. Hence, it is 


- entirely possible for r an actual structure to be out of resonance with the B ma 
: ground and still be o over- -stressed because of the large amplitude of the ground For 


UDE Versus ACCELERATION 


~The preceding has been concerned with the -ampli- 


tude of the motion Tather than with the acceleration. In the final analysis, tin 


the important item is the stress created in a structure by the ground move- Me 
ment. . If the structure does not distort with 1 respect to to the ground, ‘obvi- Co: 
ously there is no stress. Al large ground acceleration - may cause large distor- - 1s 
tions and, hence, high stresses ; but these stresses may n not actually exist 
until the ground acceleration has decreased almost to zero. Moreover, the 
force causing the high stresses may bear no relation whatever to tha that fieti- © 
tious force so frequently used, which equals mass times acceleration. sal 
the following ‘symbols of this is paper ‘conform essentially with “Symbols dis 
for Mechanics, Structural Engineering, and Testing Materials”, , compiled by EB of 


committee of the American Standards Association, with Society 50 
tation, n, and approved by the Association in 1932 (the numbered subscripts are 


with those used in the reference previously cited”) : su 


"2 Cs = viscous ‘ten factor for the model, ine pounds per inch 


- 
ee P= frequency, in radians per second, of the ‘elevated water tank © z 


frequency | of the model = 
= maximum amplitude of table ¢ or ground motion, in 
g = acceleration due to gravity, in inches per second, ak 
= the effective mass of the elevated water tank =—, in pounds- 
second’ per inch; m, = mass ot the model. 
period, in seconds. 
as 
Vo = initial absolute velocity, in inches p per ‘second, when, t= 0. 
displacement with respect to the g ground, in inches. | as 


. Ap y = absolute deflection, deformation of spring, or amplitude of the 
aint of gravity of a structure, in inches; Yo = absolute 
displacement of the ground, in inches. + 
x = elastic constant, or spring factor for the elevated water tank; 

= spring factor for the shaking- table; Ks spring» 


_ 
tm 
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oF an ELEv ATED WwW aTER T 


The experiments” the « of ‘motion builds” up 
7 Be rapidly b but, since the ‘model is not intended to show | stress similitude, the a? 
he fF ‘experiments do 1 not indicate at what point the distortion might become critical. 

_ The behavior of a 125- ft, 50 000-gal elevated water tank is investigated m nathe- 
| i matically with this i in mind. A sketch of the s structure is shown in Fig. 5B. 


For purposes of the investigation, certain assumptions | aremade: 


it (1) It is eusumed that the tank is filled with w water, but only 50% of this. 7 
&§ 
water acts sas a rigid mass in 1 affecting the ‘motion “the structure. . This 
q admittedly is a rough approximation. S The value was selected because, | at the 
time the investigation was begun, | it seemed consistent with available data. 
More recent studies, together with records‘ obtained by the United States 
“Coast and Geodetic Survey, indicate that it is probably low and that the original Aa 


discrepancies betw een and actual periods were due to other 


4 


‘same volume of water as the tank in “question, a value of 78% is ; obtained. y 
Professor Hoskins also computed that for shock approximately of the 
water would act as a rigid mass in a -eylindrical flat- bottom tank, 19 ft ine wars 
- diameter and 17.5 ft high, the same dimensions as the cylindrical portion 


of the water tank. The eff effect of a considerable error in the assumed value of 7 


(80% is discussed subsequently, 


(2) In order to simplify the problem, it is assumed that the gravitational - 
not ‘materially affect the 


toa tank the same cross- -sectional area containing he 


surge of water from side to side in the tank does 
- behavior of the structure during the first few cycles. Tests made by the U. Ss. 
Coast Geodetic Survey indicate that the vibrating tank tower water 
system may be thought of as a ‘coupled system and that, for certain character- 


| it depths of water in a tank, the resulting oscillations | of the system are 


affected considerably by the water surges even during the first few seconds." 
Experiments made a at the Institute of Technology with an ele- a 
tank. ‘model show a “cushioning effect” has been attributed 
to water surge.” The latter tests indicate that to neglect water surge is prob- | 
\ ably on the side of safety for the particular tank tower used for illustration. = 
However, ‘experimental evidence does not “warrant: the | same assumption 
& being made for elevated tanks of all sizes, or with water at any depth. — Sue = 
hal (8) The total effective n mass, s, which includes 50% of the water, the tank, 
F io its appurtenances, and one-half the supporting tower structure, is assumed = 
as being concentrated at the walk line. (Iti is higher than this for the : static 
— condition, but if only one-half the water is considered effective during motion, a 
it would seem reasonable to lower the center of gravity ty somewhat, and such an > 
‘assumption does not “materially affect the result in any event. 


_. *“Observed Vibrations of Steel Water Towers”, by D. S. Carder, Bulletin, Seismo- 
logical Soc. of America, Vol. 26, No. 1, January, 1936, p.69. = = =° 


8 “Water Pressure in a Tank Caused by a Simulated Earthquake”, Bulletin, Seixmo- _ 


logical Soc. of America, Vol. 24, No. 1, January, 1934. © | 
©“Changed Elevated Tank Design Required for Safety Against by AI 
Brown, Engineering News-Record, October 1934, p. 424. 
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EARTH SHOCK DISTORTIONS IN ‘STRUCTURES 


(Actually, the 
hen the period of 


the: structure. ) 
(5) Viscous damping» constant fricti ion are neglected. 
obtained by the Ss. Coast and Geodetic ‘Survey from the motion of 

water tanks indicate the presence of only a small amount. of friction. | 


(6) Initial tension in the diagonal rods is s neglected. (The of this 
assumption is discussed subsequently.) 


‘Under the foregoing assumptions, the mass, m, of the system is 663 Ib-sec’ 


‘per in. , and the elastic | constant « or spring factor, : 12 300 Ib per in.’ 


ence, the free period of the structure is T = 2 m m = iat 45 sec c. Let it 


of each “succeeding about 1%. 


be assumed that for: he number eycles the ground has a a harmonic motion in 


Yo = = G sin F, t 


_ Let it also” ‘be assumed that this motion starts when the time a= 
that is, the n motion is assumed to start with a fictitious finite velocity from 
‘the zero displacement “position. differential “equati 
motion of the system then becomes :* ars 


ion for the | absolute 


or, substituting for Yo: 


this ‘expression cal can be differentiated with 1 respect 

o Fy. In the and the result is: 

05 G (sin Fy t — Fy 008 Fa 

However, this is the absolute of the of gravity. The 

with respect to the ground is: 4 


=y 0.5 G (sin t + Fst 00s Fr £). 


method the elastic constant see “Computation of the Vibration 
_ Period of Steel Tank Towers”, by R. S. McLean and W. W. Moore, Juniors, Am. Sor. Cc. _E. 
Bulletin, Seismological Soc. of America, Vol. 26, No. i, January, 1936, p. 63. — 


See ibration Problems in Engineering”, by S. Timoshenko, p. 13. 
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EARTH SHOCK DISTORTIONS IN STRUCTURES 
In Equation (6) het term, sin F, t, will be ‘much smaller that F. t cos F. t. 
Hence, for all all practical purposes, motion | can be as: 


The resulting mot motion s shown | Curve v7 in Fig. 6 for the case i 
which the maximum amplitude of the displacement i is 1 in 
ments of this order, with periods “ 1 see to 1.5 see ooourned i ‘in a the Long a 


75% of Water Effective 
— (a) Relative Motion =~ _— ~ Free Period = 1.73 Sec — 
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Fic. 6.— THEORETICAL BEHAVIOR OF ELEV ATED 


Calif.) ) earthquake of March 10, 1933. )- If the latter is 0.5 in., the tower 
displacement will be one- half that show n in Fig. 6. T he maximum allowable = 


deflection of the top of the tower, if the elastic limit in the diagonals of the 
top panel” is not to be exceeded, is approximately (fa This er critical value 


will be exceeded near the end of the first ‘eycle | of the ground ‘motion, if the 
ground | amplitude is 1 in., and, at the end of one and one- -half cycles, if 
- the latter is 0. 5 in. _ The time element is too short for a ‘moderate amount - 


of friction to be of much help. 


Admittedly, the foregoing quantitative ‘results should be accepted with 


some reservations, since their accuracy is Timited by the original ‘assump- 


that the results are in indicative of the probable behavior of structure 


| = q 
og 
le 
val 
| 
Seay 
— 
4 
he a 
— 
iii 


1 13 sec. _ When subjected to to the ground motion shown i in Fig. 6, the relative — 
motion is as shown by Curve iz. if 100% of the water is effective, the motion 
is shown by Curve D. The neaiiiin used in plotting the latter curves was 
obtained by subtracting Equation (1) from 

Te The behavior of the structure was studied also for the condition i in which 
considerable initial tension 1 was present in all diagonal rods. during the first 
few cycles of the ground motion. The elastic constant. is increased | about 10% 
in this case and the free period is reduced to 112, sec, . If the ground has 
‘the same period as before (1.45 sec.), the tank motion curve is of the same 
tomes as Curve A in Fig. 6, but the cycles a are re shorter and er and the : peak amplitudes 
roughly 30% less during the first two cycles. 
7 ail It should be apparent that a considerable change can be made i in the free 
period of the vibrating : system and yet not eliminate the possibility of critical 


occurring during the first few -eycles, especially if ground 


— 


= 


amplitudes prevail. , AS) Pointed out in connection with Fig. 4, the period 

of the ground motion can be ¢ considerably larger | or. smaller than the free 

period of a given single-mass structure with relatively little effect on the 

amplitude during the first cycle, o or so. statement is further substanti- 


ated by experiments made at the Massachusetts Institute of Technology with 


If the initial tension in n the diagonal rods is not large, the behavior of 
the structure is as follows id mi " As the top of the tower deflects relative to the 


— 


ground, a pair of x rods i in the top panel drop out of action first and the elastic 
‘constant is decreased; a further deflection, and a pair r of rods in the second 
‘panel drop out of action, with a consequent additional decrease i in the elastic 
constant. On the back- swing these changes a are reversed. If a rod on one side 
drops out of action before the corresponding on opposite side, the 
_ ‘motion is further complicated by a twisting action, which might be serious. 

- The behavior o of the structure after the yield point has been reached in the 
top panel rods is even more complicated. . (During the following description, 


the reader will do well to bear in mind a typical stress- strain diagram for 


a>. 


z a structural steel. ) ‘Thus, if initial tension is negligible, the elastic constant 
3 “J se does x not vary until a critical distortion is ; reached and the stress | in the top- 


panel rods exceeds: elastic limit. ‘Then this constant is » to a 


ture becomes very flexible. If the ‘ground motion 1 continues with | the same 
period and amplitude, the time required for the structure to reach the end 
its outward swing under these conditions: depends largely on its absolute 

velocity at the instant the critical distortion is reached. 


As the structure starts on its back- -swing, the rods again increase. ‘the 
elastic constant for a short time until they drop out of action because of — 
coms permanent elongation. ¥ That is, during the unloading, stress is again approxi- — 
‘mately proportional strain for a steel rod which has been | permanently 


stretched. When the center of gravity of the structure crosses the position — 


‘static equilibrium, the unimpaired rods which resist ‘motion in the othe 


— 
| 
— 
| 
— 
| 
| 
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direction | come into Under certain conditions, the same -eycle could 
%; be repeated on that side. Once all top panel rods have been broken, the free - 
period of the structure will be in excess of 5 sec. “Seow oe 
There is doubt but that the behavior of an elevated water tank 
a" the critical distortion stage is an important: phase of the problem. 
In the Long Beach earthquake of March, 1933, the top panel rods in many - 
‘such tanks were badly s stretched or en entirely broken and yet the structures 
not. collapse. — i is quite possible that many of the failures took place very 
soon after the s start t of ‘the 1 major shock and the fact that the elastic ¢ constant 


times a full swing enabled it to‘ “weather” the remainder of the shock. 

_ Another view is that expressed by y Mr. Carder.‘ | He points ‘out that, since the = 

| torsional period of most tank towers | was about the ‘Same as the dominant 
| 7 period (0.3 sec) of the Long Beach earthquake, “ it seems probable that andy 

| | of the observed damage to these structures in the Long Beach region resulted = 


from the circumstance that a large torsional motion was set up in resonance 


with the earth motion.” 


_No attempt: is made in this paper to plot theoretical curves “the 


of the : structure after the critical distortion has been exceeded, or 
to show the early behavior when there is initial tension in the diagonal rods. 


Any such theoretical computation should be verified by experiment. 


Remarks oN BEHAVIOR OF Butpres 

A single- -story building can be expected to act as a single- “mass system 
only if the walls are are very light in comparison with the roof structure. In 

- this case, its pig to the initial shocks of an earthquake should parallel 
that of the model on the shaking- -table. if the structure has heavy masonry — 


it cannot be considered a ‘singles “mass System it is difficult 


Impact tests on a of a multi-story building made by 
"Professor Jacobsen. These tests, as yet unpublished, indicate that: the 
distortions occurring during the first two -eycles. of the table motion are Ss 
large as as any which occur later. ‘Fur urther experiment is needed, however, 
OF Suaut Waves Brrore 
A ‘number of waves of small. ‘amplitude ‘usually precede the major shock. 
i It the period of these waves is very short as compared to that of the struc-_ 7 
ture the latter has very little motion, . and the effect of the major shock will 
be practically the sa same as if the system had been at rest. a If the esos wl 


4 


— amplitude for the resonance condition can be expressed as: - | 
Ts 


= 


ay, 10980 gs 
i 

4 
— 
— 
— 
“of 
Several theoretical curves have been plotted (see Fig. 7) which show 
he rela- 


EARTH SHOCK DISTORTIONS Papers 
in which Yo is the initial absolute displacement, in inches; and Vo is an initial | 
absolute velocity, in in 1 inches per second, at the instant when t = ™ that is, at_ 
‘the assumed starting point of the major ground displacements. _ ee 
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TAN 
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Amplitude in Inches 
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—THEORETICAL BEHAVIOR OF ELEVATED TANK AT -RESONANC 
ARIOUS STARTING CONDITIONS. 


oe to Fig. 1, Curve A is the iii Curve Ai in 1 Fig. 6. The ii 


of this” curve is not zero when = 0, because of the assumption regarding 


ground motion. _ Note the slope | ‘of the curve of absolute motion in ‘Fig. 6. 


It is assumed for the beginning of Curve B that the previous ground motion 
has been such that when ¢ is assumed equal to zero, the tower has" a displace- 
“ment of 1 in. to the left and is moving at a velocity of 4.3 in. per sec to the 


right | (the same . direction as the e ground motion on the first swing). The effect 
of the other starting conditions is indicated by) Curves C and D. a 


could be drawn for many other starting conditions, Some would 


be more and : some less favorable than those shown. 


to Pa gained from the former because the latter are just : as likely to occur. In 
any event, it is important to ‘note that the rather severe starting conditions 
used i in the example materially affected only the first one and one-half cycles 
This” further illustrates fact that large motions and “resonance are 
dangerous ¢ combination “at any time even if the e condition prevails for ie. 


— 

— 
— 
be 

ea 
(a) RELATIVE MOTION OF TANK; T= 1.45 sec WY, / | 
| 
— ti‘ 
| 

— 
J 
— 
— q 
— 
— 
— 

a 


from est or near res and ‘continues for a a few a harmonic 


motion of constant period and amplitude, large displacements 1 will be built up 


for a -single- “mass structure which is in the ne near-resonance condition. a The 
{ 4 tests made to date on a multi- story building g model indic: that. the same 


_ behavior can be expected of this type of structure. - More study of this phase 


f the problem is b lanned. 
of the pro em is eing p anne 
In the model experiments a moderate of viscous damping did not 


materially decrease the amplitudes which occurred during the first few , cycles 


This experimental result does not necessarily mean that friction in building 
and other structures should be neglected entirely. Fone in the latter may 
— 


be proportionately | greater than it was in the model. 
The results of the the desirability of 


designing a structure with a period different from that — of an expec 


earthquake. 
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PHOTO- ELASTIC DETERMINATION OF 


Ve 
By. ‘Messrs. LN. a FILON, AND Howarp G. SMITS 


L. N. Fux," Esa (by letter). view of the ‘importance of the 

Bea treated in Mr. Smits’ paper,”, the writer has studied a xylonite as 
model made similar to Fig. 16, with a broad strap, there being | a projecting — 7 7 

“dam” on one e side only. ‘If the loads atthe ends of the strap are properly 

centered the longitudinal tension, Q, is sensibly uniform throughout a region : 

where the distance from the base ase line, AB, of the dam (Fig. exceeds 

one-fifth the height of the dam. 

_However, when the stresses are 1 measured at the point, 0, of Line A 

a (Fig. 17), where the shear stress ; parallel to A B vanishes, Q is found to be 


: 


17. —Lines OF PRINCIPAL STRESS Fra. 18. BY- METHOD OF 
Dam Svussect TO UNIFORM _ EXPLORATION OF PRINCIPAL STRESS. 


rely (after applying the corrective tien, 
' A ‘whee A B), 0 on ‘the upper - and lower sides of the line, A B, of discontinuity. — 
For the cas case taken by the author (T= = 1 220 lb per sq in. ), 1 these forces would _ 


ee —The paper by Howard G. Smits, Jun. Am. Soc. C. E., was published in May, 


1935, Proceedings. Discussion on this paper has appeared in Proceedings as follows : 
September, 1935, by Messrs. Thomas H. Evans, and I, K, Silverman; October, 1935, by 
Brahtz, Esq.; and March, 1936, by Arshag G. Solakian, Esq. 


Prof. of Applied Mathematics and Mechanics, University Coll., London, England. 2 
Received by the Secretary February 18, 1986. 


18 Correction to be made in Line 8 of Footnote 8 of the paper, as follows, “by. Mr. 


Coker in a series of five | articles * * *”, before publication in 
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FILON ON PHOTO-ELASTIC DETERMINATION OF ‘STRESSES SSES 


produce a tension of 193° Ib per sq in, and a pressure of - 472 Ib per sq. in., 
results which ‘differ appreciably from those deduced from Fig. Apparently, 
this gives 650 Ib- per ‘sq in. for the tension above, 550 per sq in, 


for the pressure below, leading to a lesser tension i in the dam proper t than that 


now found. Furthermore, the. stress" appears to extend | deeper into the base 
of the dam in ‘Mr. Smits’ experiment than in the present case. 7 

The writer has also tr the isoclinics a and lines of of prineipal_ stress in 
this. case. The latter : are , shown in Fig. 17 and appear to be different, in the 
“upper er part. of the dam, from those given by the author in Fig. 7(b). Fig. ' 7b) 


is probably ; incorrect, since the lines of principal s stress should approach a free 


boundary tangentially and normally, 


The device used by Mr. ‘Smits to solve Laplace’s equation empirically is an 
interesting a application of a well-k known method originally suggested “ee 
Prandtl” in connection with the torsion n of rods, and further developed by A ‘ “fl 
Griffith and I. Taylor. soap film is preferable to an india-rubber 
membrane, owing to the difficulty of being certain that the tension in the > latter 
y is uniform at all points and i in all ‘directions. — _ Even if this condition is satis- 
; " fied initially, it is likely to be disturbed when ve india-rubber sheet is clamped “ 
Cine between templates as described, any rapid variations of height of the edge 
{ involving a appreciable pinching, which must modify the tensions” ‘postulated. 


This seems to be a more serious ‘source of | error than the exaggeration of 7 


slope, as ‘it may well not be localized. 


22 


This method assumes, of course, the equation to b solved 7 
Laplace’s equation; in other words, that the material er consi deration 
is perfectly elastic The same is made in applying those ‘methods: 
which depend on ‘measurement « of lateral extension or contraction. ¥ So far 

as the writer’s experience goes, bakelite i is a material which is very far from: 
being perfectly elastic, and it exhibits considerable strain- -creep and o optical. 


~ creep with time. The author does not state ¢ whether r any p precautions have 


~ 


Mr. Smits i is ‘to be congratulated on having be been able to obtain specimens | + 
of bakelite of adequate size apparently free from large initial double’ refrac: 0 
tion. The bakelite obtainable in England is is badly affected in this way, and —& I 
comparatively useless for photo- elastic work. 


-Tt is not “quite clear why the author (following Fig. 4) describes what he 


: calls the method of graphical integration (but which the writer would prefer 
to ‘0 call the : step- -by- -step method) as “long and tedious.” oy similar statement 


appears in another paper." D ‘It would seem that engineers are under a misap- 
prehension as to the work involved i in this ‘method, 


IfA and B (Fig. 18) are ‘two near points on a line of principal P, 
: through t the middle point, ¢, of A B, draw a perpendicular to Line A B, meet- 


“7 img at U, VY, respectively, : any two neighboring isoclinics which correspond to 


Physicalische Zeitschrift, Vol. 4, 1903. 


Biss 


jez 
Engineering (London), Vol. 104, 1917, pp. 658, 699. 


19 “The Stress Function and Photo-Elasticity Applied Dams”, by J. A 
Esa., Proceedings, Am. Soc. C. E., September, 1935, De 1015 d 
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in which A¢ is usually a small whole number of. degrees, which must be 
multiplied by 0.01745 to yield A ¢, in radians, ait 
the 


in any photo-elastic investigation, both ‘the isoclinies and the lines 


awe 


e 

of ‘principal stress are fundamental ,and_ will have to be drawn in any case; = vi 

P at ‘any required point: can be obtained i ina variety of ways: (a) 
between isochromatics ; (2) by direct measurement with a com- 


pensator; or (3) by varying all loads on the model together in such a ratio 


L. that an isochromatic of a given 1 order passes through the 1 point. Thus, the al 
A. data entering into the right-hand ‘tide of Equation (11) are immediately to. 

ber hand; the value of a is then calculated in a. few moments with a 


as In this manner it is possible to work along a line of principal stress and 


Bon obtain the v value « of lg step by | step, at a number of points. a the investigator | 


ted. 

mT lines of principal stress, and, if the values agree (as they do when the work 
is has been done carefully), the stresses found can be accepted with considerable 
confidence and used las a basis for further exploration. 

10ds There is no necessity for “graphical” integration. in the ordinary sense; 
need the steps, in general, be inconveniently small. What is essential, 


rom ~ however, is that the isoclinic lines shall have been obtained accurately in the 
ical first instance. For this, visual observation, with: bright illumination and a 
nave good graticule of reference, is necessary. “ ordinary photograph is usually 
adequate for this purpose. 


nens pa This step- -by-step method” is entirely inde pendent of the elastic properties | 


fpae- of t the material and i is not based on the assumption ‘that the substance used i is 
and - perfectly | elastic. It does, however, involve the assumption that stress differ- 
a ence is proportional to optical ‘retardation, and this law generally holds well 


beyo ond the elastic limit. 
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Howarp G. Smits,” Jun. Am. E. (by letter).” —The writer is 
ment 

with the variety of viewpoints expressed by the discussers of his 
Paper, particularly since the mathematical solution | of the problem i is complex 
- enough to make the approach extremely difficult and, at best, only approximate. _ 
Mr. Silverman, has questioned the shape of the tested model, feeling that 
neet- 


“the | strap was: ‘too “narrow in re relation to the size of the dam. Fortunately, 
c— Professor Filon performed | a similar test, he used a model similar to 2 


id to 


» Rept. of the British Assoc. for the Advancement of of Science, 1923 ; also, Engineering — 


ns May, 1936  SMITS ON} {OTO-ELASTIC DETERMINATION OF STRESSES $699 
__ inclinations, ¢, + A ¢, of the polarizer and analyzer to any standard direc- 
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SMITS ON PHOTO- ELASTIC DETERMINATION ieailons 


that suggested by Mr. Silverman. = 

Professor Filon and the writer would indicate that thie change | in 

the model has bearing o on the quantitative result. it is unfortunate that a 

relatively wider strap was not used i in the original experiment. 
A re-check of the material originally presented has been which 


Ted to th the corrections noted in the last paragraph of this. discussion. The 


agreement between the experimental results as now correctly presented and 
the results obtained from the mathematical expression derived by Mr. Bratz 
= very gratifying. Mr. Brahtz estimates that Equation (10) gives a value 


; which is 10% too high due to the omission of the terms of higher order. Thus, 


— (10) may be adjusted to read: 


= 104 (1 01) KE 0.936 K E. 


When K = 0.0006 an = 3 000 000, (12) yields: a= Ib 


a sq in. This is is comparable to the sum of the maximum stresses on either side 
_ of the line of of discontinuity at the ground line. | From Fig. 11 these stresses 
are shown to be 525 Ib per sq in. and 650 Ib per sq in, , giving a total of 
a 175 lb per per sq in. Professor Filon evaluated these two stresses at 793 db 
per sq in. . and 479 tb per sq in., for a total of 1265 Ib per sq in. _ ‘The three 
‘values ‘obtained (1123, 1175, , and 1 265) “fall in a narrow region, on, showing 
very good agreement | between the three ‘approaches, 
Professor Filon takes ‘exception to the lines of direction of stress 


drawn by the writer in Fig. 7). no time did ‘the writer observe i iso- 


the lines of principal ‘stress, indicated in Professor Filon’s Fig. near the 


faces of the dam. i is to be noted that in all cases the lines of principal 

. a approach the free e boundaries normally and tangentially in Fig. 7 (b). 
ul Ge _ The advisability o of using a rubber membrane is questioned by Professor 
Filon. Concentric circles were drawn on the rubber before stretching, and 

these were found to remain true circles in plan, both after stretching and 
after placing between the aluminum dies. It 

was only after observing this p precaution that 


writer felt justified i in assuming a “uniform 


an 
Saag ‘The bakelite used in was not 

| “free from initial double refraction until after 
the specimen had been carefully annealed. 
ties. However, once properly heated and 
the model remained free of initial 
stresses for ‘some time. performing the 
experimental work on the model , the element 

time was always. considered decrease the 
effect of op tical cree] 
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> 
a stress-strain diagram for the bakelite used the 
‘The relationship indicates a remarkably ‘straight line, which showed 


“little to creep with time. _ 


ve Mr. \ ee presented some very interesting omg in the three condi- 


‘to Condition (3). It is noted with particular interest that a bakelite cement WY 
has been perfected with physical qualities ‘such that it is adaptable to ‘photo- “- 

elastic work. . The writer has long sought such a cement. , The next step in 


‘approximating: actual conditions with the photo- -elastic 1 method is now possible. 
blocks: can be cemented together simulating the manner in 


= 


In May, 1935, page line 3 below. Fig 
change “having already been applied” to “having not been made”; in the 
_ caption to Fig. 10, change ‘ “0. 0016 inch per inch” to “0. 0006 inch per inch 
(E= = 2000 mer"; and, in Fig. 10, of the three 400 contours, change the middle 
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-KALEM | OSMAN GHALEB, AND C. S. JARVIS” 
with the nilometer on Roda Island, a behalf of both the Irrigation 
- Department and the Committee for the Preservation of Arabic Monuments. — ‘= 
a In 1925, the column of the nilometer subsided about 7 cm and became > 
= detached from its 3 upper ‘iameenis it was propped up, to prevent it from m falling, 
“. In December, 1926, pulsometers were used to unwater the well, so as to fix 
the column in position but, when the water level was lowered to about 2 m 
from the bottom of the well , dangerous eracks appeared in the walls and 
the 1 unwatering had to be stopped lest the entire structure collapse. — The. 
Egyptian Parliament voted £20 000 (Egyptian) in the financial ye year ar beginning | 
_— for the repair and restoration of the monument (see Fi ig. 16), 
as well as the expropriation of land surrounding it, ee 
ex: The column i is an octagonal marble pillar w with an enlarged | base; the capital | 
isan addition, probably of the Eighteenth Century. ‘The engineer who o erected - 
> column in 861 A.D., has left a full description of its | graduations, He 
states it is divided into” 19 equal cubits; in 1 fact, at ‘the end of 


characters, the words, “nine ( (&) ten As” far as ‘hes ascertained, 
the column is broken in three pieces: The top break, which is “indicated 
on the drawing made during the Napoleonic _ Expedition, has been well 
_ repaired . the t two ends of the lower break have been badly joined together, 
and the corresponding cubit now measures 21 cm only instead of the usual 


of 54 em. in the case of the Suez Canal, the French savants 
ie ‘attached to the | Expedition, who have left such a wonderful detailed record — 


of the ‘monument, made : an extraordinary mistake; in the ( Canal they had 
found a great ‘difference in levels between the Mediterranean and the Red 


‘Seas; the Roda -nilometer they mistook the top cubit for the sixteenth; 


= one of them—the famous Arabic ‘scholar, Marcel—when he returned to 


Norg.—The paper by C. S. Jarvis, M. Am. Soc. C. E., was published in August, 
Proceedings. _ Discussion on this paper has appeared in " Proceedings, as follows: Novem- 
. Et ber, 1935, by Halbert P. Gillette, M. Am. Soc. C. E.; December, 1935, by Messrs. R. W. 
Aca Davenport, H. EB. Hurst. Thomas H. Means, i 2 ‘Beardsley, and J. C. Stevens; and 
January, 1936, by Jesse W. Shuman, M. Am. Soc. C. 


TInsp.-Gen. of Irrig., Lower Egypt, Cairo, — 
Received by 
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GHALEB ON FLOO 


Fic, 16.— View oF Ropa NILOMETER AS PROPPED UP IN 1 


6, 


_ +GHALEB ON FLOOD- STAGE RECORDS OF — RIVER NILE 4 iscussions 


take ‘service in years later, indicated that mistake and read the 
as the seventeenth. When the well is s completely unwatered it will 


possible to ascertain whether the French embedded the lowest ‘part of t 


column, , or whether they replaced it on the floor, as formerly, and ‘simply 


neglected to take account of ‘its base in counting the number r of cubits: 


However that may be, the reason for the apy apparent unpredecented 1 rise 


following Table 4 of the p paper, can now be easily explained ; the 3 full cubits 
suppressed by the French s ‘savants, become 6 cubits in the readings - for the 
“Maxima stages of t the river, which are above the sixteenth cubit, where half 


cubits” are 1 read as full cubits. + The French thought accordingly that lends 


| at 16 ‘cubits, were previously irrigated at between 13 and 14 cubits. “Another 
_ i similar error seems to be current now; it is stated in the paragraph following 
or Table i of the paper, that the he flood- stages that indicated an assurance of | 
plenty progressed gradually from 16 to 20 cubits on the Roda gauge. This | 
statement must be due to a confusion in the translation of the mediaeval ; 
chronicles, the - three ‘stages « of the rise of the river corresponding \ with | the & 


three categories into which ‘ich the agricultural tural land of Egypt wa was divided being 


taken for one stage only, 
The low lands were watered when the Nile reached 16 cubits; the middle 


lands were irrigated at 18 cubits; and the high at 20 cubits. On ‘the 


LL... 


let into a canal le ‘the cutting of a eign The first of these festivals 
was” for the “Wafa”, mentioned by Mr. Jarvis, the second ‘was for the 
“Neirowz” (the New Year’ s day of the agricultural year, which has now 
become the beginning “of the Coptic year) ; and the third for the “ Saleeb” | 


which falls seventeen days” after, and which is now also as a “religious 
As far as historical times are concerned, ie 16 cubits of the Nile have — 
; allowed 2 sufficient supply; that is, there was no chance of starvation when | 

- that level of the river was reached. The Arabs, on conquering the country, 
adopted this same -eriterion and called it the Wafa. .” Consequently, there 
has been 2 no rise in the level of the water “required to irrigate the land and, | 
‘therefore, that land itself cannot have risen appreciably. The writer con- 
- preeee that deducing the s secular rise of the Nile flood- -plain by dividing 
 - thickness of a local - deposit by a a number of centuries results in showing 
Egypt t to | be ‘much younger than ‘it really i is and that (as mentioned by the 
author under the heading “The River Nile in Egypt”) other methods of 
reckoning, ete., almost indicate much longer periods of geo- -morphie 


aa — Fig. 17 shows the niches in the western wall of the well’ by which the pa; 
-reader was guided at the beginning of the rising flood ; ; the “Wafa” 
Z stage” was re reached when the water attained | the small bottom niche ‘to the loy 
Ba as the sixteenth “_ coincides with the bottom of the rounded cornice fe 
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‘the on could only indicate the thirteenth or fourteenth cubit due to the 
aduations; is, considering t the highest 


YS 


_Teader to add the difference to see “supposed” correct reading of the cian, 
and also to consider t the length of the cubits from the ‘sixteenth to the twenty- 7 
‘second as one-half that of the ordinary cubits (this method of reckoning is is 
imaginary, as there are no such graduations | as those mentioned in the | text 
following Fig. tof the paper; it ; is amusing to note how a scientific meaning 
ean be attributed to popular error). The seventeenth -eubit coincides 
with the bottom of the lower Arabic inscription and the highest niche, 
‘The Egyptian peasant may be illiterate, but he has known, from time 
‘Resemoriel, the level at which his land i is watered; he will say, for example: 
“My land is irrigated at the fifteenth cubit” ‘noing that it will get its 
"water when the Nile rises to that cubit. »' This is actually the case, for the land 
- still remaining ‘under basin irrigation in Upper Egypt. It is the custom to | 
- design the level of the floor of a head-sluice of a flood canal toa given ccubit, 


: corresponding to the level of the land it has to water. It seems futile, there- 


fore, to resort to the exaggeration of the Nile flood levels und eouthe false 


_ecords for increasing ‘Tevenues; a “bad” government can force peasants to 


undue taxes without resorting to ‘such a farce. 


‘The Roda gauge records under review Bo yearly highest and 

lowest. readings of the level of the Nile at Cairo. The minimum readings 
‘that used to occur in May and J une (it even happened that the Roda fis 


branch of the river has been quite dry in ‘certain years) have been affected 
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by the } regulation on the Delta Barrage. during the latter part of the Nine- 
; teenth | Century and, from the beginning of the present century, the stored 
water at Assuan has also had its effect. . Consequently, the ‘bottom under-— 
4 ground- water passage to the w ell on the eastern side i is now inaccessible ud 
it is probable that the short top tunnel (which is not indicated | on the 
drawing» the atlas prepared by the ‘French Expedition) added i in 
middle of the Nineteenth Century ‘to replace it. The maximum levels. 
might have | been slightly affe affected in certain years by the emptying of basins, - 
— but the greatest error that n must be corrected is that due to the misreading 
of the graduations of the column; it will be fortunate if it can be proved > 
that the pillar was considered as originally designed (that is, 19° cubits), 
until the end of the Eighteenth Century. 


From the Napoleonic invasion onward, the ‘records are unreliable, and. 
it is necessary to to know the period during which - the readings were e made on 

a column the top —eubit of which considered to be the sixteenth; then 
“a it j is necessary to know ‘the date at which ‘it became the seventeenth cubit. 
When was the column broken anew and one of its cubits considerably short- 
ened? When were the sixteenth to the twenty-second cubits considered to be 
half cubits? In 1887, a metrical scale fixed in the Roda branch of 
r Nile; the readings ¢ on that ‘Scale are trustworthy, but their conversion | to cubits 
 .gives false results. The two following examples are to the point. 
Example Ww. Garstin, the Under | Secretary of State for 

Department, writes™ when comparing the flood of 1892 with those 
of years recorded. maximum gauges of and 


“reached at Roda was 5 25 ¢ cubits 15 digits in 1874 Cinstead of 26 6 cubits 12 2 digits 


as recorded) and 95 cubits 14 digits, 1878 (instead of 26 -eubits 


Example (2).—When Sir William Willeocks was editing an Arabic tech- 


nical - review in the early Nineties, one of his party of engineers (engaged 
on precise leveling in connection with the fixing of the site for the Assuan 
Dam) contributed an article on land levels in Egypt. Among other items 
of information he states that, on October 15, 1893, the gauge reading of 
the Roda nilometer was. 20 cubits 7 digits, which corresponds to a evel 
of 18.04 m according to the method of reading indicated by Falaki (the well- 
known astronomer), whereas the reading on the 1887 metrical scale is 18.50 m. 
aRvIs,” M. Soc. C. E. —The generous response to 
this ‘paper’s presentation as indicated by the various discussions, each con 


_tributor working along a separate ‘thread and apparent 


om “Note on the High Flood of 1892”, p. . 9, Egyptian Govt. Press, — 
Hydr. Engr., Soil Conservation Comm., Washington, D. 
a Received by the Secretary April 18, 1936. 
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Mr. Gillette’ s views regarding cycles as affecting rainfall and 
- phenomena are the product of many years of study i in this field, and deserve 
serious consideration. Mr. Davenport’s studies have resulted in definite con: 4 
tributions to the science of hydrology, particularly, as a applied. to the River 
‘Nile. His comparsion of the Nile with the Mississippi River and also with 
the Colorado River enables one to visualize the Nile floods more cone ae and ait 


account for their seeming regularity. 


— Both Mr. Hurst and Mr. Ghaleb a are e particularly equipped w equipped with, informa- 
tion gained from actual experience, in that collected from 
technical research and forming the 


basis of this” Presentation, Even 


_ between n two qualified observers, suc such 
as these, are interesting and instruc: 


tive. 
will be better under- 
stood by reference to Fig. 18. 
Mr. Means was engaged in a study | 8 
of the Nile River flood records about 
the same time” ‘that this paper was 
‘being prepared. His observa- 
tions: in Egypt during ‘period of. 
duty: travel there some years ago 
probably fitted him for discussing the 
broad phases” of the Nile River 
charge 80 clearly and authoritatively. S 16.27 
Mr. Beardsley’s personal ‘observations, 
including” the photograph which he 
furnished (Fig. 7), showing the Roda 
_nilometer, are contributions; 


Half Cubits 


54 


54 


record by means of both 10- yr and 
50-yr_ averages should increase 

reference to it. Shuman has 
made a strikingly exposition of 


Fre. NILE GAUGE AT Ropa. 


Tecords, and has some ‘significant historical notes. 
During the preparation of the paper, the Ww riter found the work of 
complete statistical analyses < of the records of the various centuries too exten- > 
and time- “consuming to complete before publication. He has since com- 


puted all the arrays, with plotting positions — according to the mo = 
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California method." is remarkable how nearly coincident the first seven 
. or - eight ce centuries of record are thereby proved to be, with g gradual displace- a 
ment upward to keep pace approximately with the known sedimentation rate 
in the Lower Valley. ‘Fig. 19 portrays the flood- frequency trends for both 
‘the earliest and the latest century of record, and also for the 1173 items 


_Fepresenting the 1 300- “yr period. 


Periodicity or Average intervals between Events of A Given Order of Magnitude, Expressed in Years. 
25 __ 50 200250 _500 : 
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Curve B, on 1173 Items Purporting to be 


Expressed i 
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Maximum Annual Flood Stages During A Total 


Complete Array for 100 TT ii i 721 A D. 


Excess is 
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~ Alexandria, Egypt, As Observed at Roda Gauge, C 


_ Number of Events per saeeaiah Equaling or Exceeding A Given Magnitude (Modified California Method of Potting) 

9. —CoMPARISON oF Fioop FREQUENCY TRENDS OF THE NILE River ar RODA FOR 


EARLIEST AND CENTURIES oF 1300 Years. 
to the statistical arrays covering ‘the thirteen centuries of 
record, it is found that, of the 51 annual flood heights ‘registering 20 m, or 
_ more, ‘above mean sea level s as observed at the Roda ; gauge, 30 of these occurred : 
during the Thirteenth, or fi final, century, whereas 18 occurred during the 
; Twat ,8 3 during the the Eleventh, 4 during the Tenth, 1, and 1 during the Eighth Z 
of these consecutive centuries. (Of the total number o of annual flood heights 

“ at or above 18.00 m, the tabulated totals for the respective centuries, listed in 

chronological order, are 24, 20, 22, 13, 94, ‘44, 33, 67, 79, 32, 96. 
an Except for the Tenth and Eleventh Centuries, all are complete, or within one ; 
or two items s of complete century records. The Tenth and Eleventh a 
= only 33 and 44 items, , respectively, and should be combined for compari- 


son with other c century records. The number of annual flood events register- 


— 


4 


~ ing lower than 17.00 m for the consecutive re centuries presents another series; ? 
= thus 11, 20, 11, 13, 2, 4, 2, 0, 1, 1, 2, 0, and 
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mie 
The foregoing r references to the e statistical arrays of the | data 
heretofore presented in this paper and known to be affected by errors and a 
tT elements opposed to comparability and homegeneity, are made for the purpose 
s of tedious calculations so that others avoid 


i Careful | comparison of Roda gauge heights attained by annual floods since 
1870, with flood volumes, or total annual discharge, as shown i in Figs. 1 and 3 


18¢ 
of the paper, should convince the most skeptical that Nile River flood nin: 
ee usually fair indications of either the four-month flood discharge, or of the 


annual volume pacing the on gauging stations (see Figs. 20 and 21). 
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—TRANSCRIPTS OF DaTa FROM Fics. 1 anD 3 FOR Companiaox AND 

However, in the textual notes available in French” , several instances are men- 


_ tioned i in which the peak attained “Wafa”, but receded so promptly as to | cause 


amine and distress; or, having attained a moderate stage, it continued thus 

z in spite of the use of a portion for basin irrigation, and brought bounteous ak 


Memoirs, Inst. of Hgypt, Vols. 4 and 9, pub. about 1925 
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Note: The Maximum 10-Day Averages Shown 
as w, are Obviously Less Than the Flood 
Peaks, Therefore all of the Data Represented 

by the Symbol ~' Would Displace to the Right os 

if the Peaks for Those Years Were Available 

for Plotting by Means of the Symbol A, and 


Sea Level 


Improved. 


A = Maximum Annual River 
at the Aswan Gauge above the. ;__ 
Assumed Datum, 71.0 m, or — 

232.9 ft, above 
Mediterranean Sea Level. 
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Stages of the Nile at Roda Ga 


| Floc 


- Observed Flood Volumes of 
the Nile River at Aswan, 
July to October Inclusive 


Annual Discharge Volumes 


of the Nile River at Aswan - 
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Maximum Annua 
Meters above Mean Mediterranean 


‘Mean Mediterranean Sea Level 
Meters shove Elevation 71 Meters 


—CORRELATION OF RIVER DISCHARGES AT _ASSUAN “with MAXIMUM: 
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crops. Generally, however, the high- flood peak meant plentiful water supply 


and fall harvests, unless the stage was too highs ; and low- flood ‘meant 


have been numerous, ol reasonably 
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Discussion 4 


By Messrs. A. A. EREMIN, A. CASAGRANDE, AND A. | E, CUMMINGS 


. Eremin,” Assoc. M. Am. Soc. C. E. (by letter).™ —Basing his com- 


‘putiate on the Boussinesq equations, Mr. Cummings has developed some 
empirical formulas for computing stresses under a foundation resting on sand 
fill. These formulas yield stresses that are smaller than those obtained from 
‘the experiments shown in Fig. The stresses” 

at the center of the boundary area in Cases” 1 


and IV are | equal to 200% of stresses 
duced by uniformly distributed loading. ieee 


iy In Fig. 4 they are shown, erroneously, as. ie 
infinite. Evidently, stresses under a founda- 
computed on the assumption that the the load 
‘distribution is i the form cone, will 


check “experimental observations — than those 


computed for Cases I to IV, , inclusive, i te 
Case —Conic Distribution (n = 8)- polis 


the case of a conic distribution of stress beneath 
a foundation, the volume of the cone equals” the 
total load and t “reaction at the center is 


to 3 Do (see Fig. 19). The of the 


cone is expressed by: 


 Nore.—The paper by A. BE. Cummings, Assoc. M. Am. Soc. C. E., was published 
August, 1935, - Proceedings. Discussion on this | aper has appeared in Proceedings as fol- 
lows: October, 1935, by Messrs. Clement C. Williams, D. P. Krynine, and L. C. Wilcoxen ; 
November, 1935, by’ Messrs. Marshall G. Findley, and M. A. Biot; December, 1935, by q 
Messrs. Jacob Feld, George Paaswell, and G. 8. Salter; and January, 1936, by Messrs. 

88 Agsoe, Bridge Designing Engr., Bridge 
«Calif. 
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i them. In computing the stresses under a large foundation, however, a 


eg __ deformations are closely in agreement with ine e determined | by the Boussinesq 
= a equations. — ‘He assumed a pyramid the sides of which were inclined at an 


eA in a semi- “infinite elastic body, which was treated so successfully by Boussinesq 


the formula for vertical normal stress becomes, 


0=0 
Integrating and simplifying: 


becomes “equal to 3 Pos OF 300% of the pressure uniformly distributed 

Case VI.—Conic Distribution (n= —Substituting Equation (29) 

Equation (5) in Equation (3) (with n n= 6 and = 4), the formula for the 


vertical normal stress is, 


= 


simplifying, 


__3 


| 
In Equation (31), ror making d= 0, the pressure at the boundary plane, Ds, 

{ 


By making = in (83) the | pressure. at 


is pe vag or 300% of the pressure computed for uniformly distributed 


loading. At the deeper planes the pressures computed for conic 
loading, with are “close to. ‘the: average stresses shown in 1 Fig. 4, 


simplified theories of computing stresses under - 


theory based on an assumed distribution of the ‘stresses has con- 
siderable advantage. Paul - Miiller™ ' has — the stresses and deforma- 


tions un as found that such stresses and 


angle of 35° to ‘the vertical. a In plastic soils the side angles 3 vary from 35 to 90 | i 

bt The problem a af computing stresses under a foundation i is very complicated 7 
and requires extensive experimental and theoretical study. Cummings 


contributed a valuable experimental analysis. 


. CASAGRANDE,” Esq. (by letter).™ —The question of stress 


fifty ye years ago, has since been extensively elaborated. Unfortunately, most 
=_— on this subject are little known to foundation engineers, in spite 


Prof., Graduate School of Eng., Harvard Univ., Cambridge, Mass, 
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‘the fact that the on: 
“field of earth and foundation engineering. This: situation is probably 
to the intricate ‘mathematics involved. Tt is desirable, therefore, that the 
‘Profession i in a form easily u understood and adapted to ready po me 
_ The author has been successful in presenting, in a concise and clear man- 
re » those results of Boussinesq’s studies which are most important in founda- 
tion engineering. 7 He has also presented a recent modification of Boussinesq’ S 
equations which makes possible a a semi- empirical approach to the problem of 
Stress distribution in soils do not follow Hooke’ law; and finally, he 
has ‘compared the most. outstanding experimental investigations with theory. 
This comparative analysis of experimental results and theoretical solutions 
is | very enlightening, and its careful study is heartily recommended to those 
who desire information on the degree of deviation which may be expected | 


between computed and actual stress distribution in a homogeneous - mass 
4 
7 Mr Cummings has confined himself to considerations of stress distribu 
adie tion within a semi- -infinite, « elastically isotropic body. Frequently the boundary 
3 conditions or the lack of homogeneity of the soil mass is such that the assump- 
tion of an isotropic, s¢ semi- infinite body ‘Tepresents: a Tough approximation. 


more conditions, and even ‘for elastically anisotropic 
materials, restricted | only by of the validity of Hooke’s law. 
_ A condition frequently « encountered is the presence of a practically incom- wie 
pressible stratum (rock) underlying a compressible soil stratum. ‘Usually, 
it will be correct to assume the surface of the incompressible stratum to be so ~ 
rough that no slippage between the two strata can oceur. _ The other extreme : 
would be represented by a frictionless | rigid bed. . In either case the vertical 
“displacement in the elevation of the rigid surface reduced | to zero by 
forces acting in an ‘upward direction, thereby increasing the concentration 


The presence of thin sand 1 layers within an otherwise isotropic mass of a 
has a restraining influence which ean be idealized by” the assumption 
of an infinitesimally thin, inextensible, flexible layer. 
Following a suggestion by the writer, ‘M. A. Biot® made a comparative a 
JE study of the effects of such eonaticdiien on the stress distribution for point 2.4 


vit 


and line loading. For this analysis he used an original approach, although 
me of the ‘solutions were found before by “Michell, Melan, and Marguerre. 
: _ The results are shown in Fig. 20, in which the stresses are plotted to such a 
- seale that the maximum stress for Boussinesq’s sc solution, is taken as 1 unity. 
the case of a vertical point load, the maximum normal stress on 


at a depth, z, is expressed by: 
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in sitet in addition to the notation of the paper, ¢ = the maximum normal 
stress” on a horizontal plane; and C= =e constant with: values” as shown in 


_ Table 3 3. . For 1 the case of a line load, D, per unit length, the maximum normal 
stress on a horizontal plane at depth, is expressed by: 


Values of 4 


under Point Load \ \ under Line Load 


It will be ‘that (84) and (35) are up so that they 
poe of the product of a numerical constant and another term which is identical _ 

=" Boussinesq’s solution. © Tf Thus, tl these constants immediately indicate the 


i degree of deviation which the pr presence of the boundary produces if ‘compared — 


vith the stresses in 1 in the semi-infinite homogeneous body Se ay ee or 


(see Fig. 20) Description ‘Bauation Bavation @5) 


Fon] 


| Boussinesq’s distribution 
Frictionless rigid b ' 
Rough rigid base 


Inextensible flexible ble layer. 
4 


by ane The relative amount of concentration caused by the presence of an incom- BI 
nie pressible sub-stratum decreases with an increasing ratio of the width of the 
loaded area to the depth of the rigid bed. ~ When this ratio is greater than - 

unity, the stresses beneath the interior of the loaded 
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layers (as. is the case, for ‘example, in -varved clays) would cause 
appreciable spreading of the load, if compared with Boussinesq’s distribution. — 
According to Professor Biot : it would be possible to solve such cases, although 
it would require a large number of ‘computations. — ‘In view of the fact that 
fom computations need to be made only once, and if available in published 


form, could readily be applied, they would. represent. ‘a worth- -while contribution 
Another way to problem of determining the stress distribu- 
ti i in Stratified soils is by assuming an anisotropic material possessing a_ 
‘greater 3 modulus of elasticity i in the direction parallel to the planes of stratifi- 
cation. © Solutions for anisotropic, elastic materials, corresponding to those 
of Boussinesq, have been found by Michel” and Wolf™. 
—s*ar, for example, a soil stratum consists of alternating layers of sandy silt 
and clay, the moduli of elasticity, and of each of these materials can 
be. determined from tests on undisturbed samples. Assuming, for. the sake 
of simplicity, these layers to be of equal thickness, then the average moduli of 
_ Saatiity in a horizontal and a vertical direction for the entire stratum can 
sily be derived mathematically, and are found to be: e: . 


"Equations (36) and (87) become somewhat more complicated ‘if the thick- 
nesses of the « alternating layers a are not assumed to be equal. For - example, if, 
7 &, = i 000 kg per sq em, and E,= 100 kg per sq cm, , Equations (36) and (37 q 
yield. BR= = 550 kg | per sq cm, and E, = = 182 kg per sq em, , respectively. y. When 
substituting these values in the formulas derived by Wolf® for a line load, 
one arrives at a maximum stress along the center line which i is only about o one- 
half the value for such a stress in an isotropic material. ‘ It is true that — 
integration over a finite area r relatively shallow depth results i in a smaller 
: reduction of the stresses. - However, even an average reduction of 20% or 30% Ss 
in the stresses in that ‘part of the soil which contributes most to the cettle 
‘ment of a structure, is of great importance in a settlement analysis, particu- 
larly when the s soil is ‘Preconsolidated under loads greater the present 


Such cases are much more ‘difficult to evaluate es where a thick 


stratum of sand or gravel overlies a stratum of compressible soil, because 


of an for the sand layer deviates 


87 London Math. Soc., Vol. 32, 1901. 
8 Zeitschrift fiir vcnaneetie Mathematik und Mechanik, Vol. 15, No. 
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_ increase in its magnitude beneath the loaded area, due to the stresses produced 
_ by the load. ‘Taking | all factors into account, the modulus of elasticity i in 
the sand layer is is largest below the center of of the loaded 
For or such conditions, ¢ computations based on Boussinesq’s stress distribu- 
oe = may Jead to estimates of amount and distribution of settlements far in 
excess of those actually observed. writer has had opportunity to study a 

number of such eases and he has noticed invariably that such sand and gravel 
_ layers, overlying compressible strata, reduce the magnitude of the stresses in a 
= the compressible layer by spreading the load, and are very ry effective in ‘smooth- 

ing out those dif differential ‘Settlements which would take place if Boussinesq’s- 

ee analytical approach to the problem of stress distribution in a stratum 
of clay that i is overlaid by a stratum of granular soil is very difficult. For an 
nate solution one may 1 replace the actual thickness of the harder, 

_ upper stratum by a thicker | layer of the softer underlying soil, whereby the 


assumed increase in thickness is a function of the ratio of the teabell of elas- 
of both soils, a method suggested by Terzaghi®. | 


In connection with an investigation of the probable settlements « of an 
 —haialin to an existing utility structure, of which accurate settlement sunels 
were a available, ®, the writer has ; applied the foregoing method, as well as Equa- 
tion (3) in the p paper, with n-values less than three, to obtain. ‘computed ‘settle- 
ment eurves which would correspond shape to the observed ‘settlements. 
‘These beibdines ase resting ona layer of sand 30 ft thick, that is underlaid 
100 ft of clay. ‘The results obtained with both methods are practically 
identical. One might argue that, from a ‘purely theoretical standpoint, the 
method i increasing the thickness of the upper stratum is preferable because | - 
Boussinesq’ s formula permits the application of the 1 law of ‘Superposition. 
_ However, when 0 one considers the large variations of the modulus of ‘elasticity 
within the sand stratum, both methods are equally objectionable from a 
e P of vie x 
The actual settlements « of the 1e edge of the loaded area are |] larger i in relation 
— the se settlement of the central part, than according to either of these approxi- 
“ol “mate e methods. Due to the larger stresses beneath the central part, the i 
lus of clasticity i in that region c of the sand is large and hence individual loads ¥ 
distributed | over a a wider area, than the same loads 1 near the e edge, ° where 
a smaller modulus of elasticity. Further- 


Vex 


more, the ¢ distribution of the loads 1 near the e edge is s unsymmetrical with the 


possible to consider these by either of the aforementioned approxi- 
mate methods, the writer has found that one can arrive at satisfactory solu- 


_ tions by assuming 1 the loads in the central ‘part acting at a higher elevation 
the loads along the edge, with a gradual transition for loads intermedi- 
ately situated. This procedure i is similar to the method in which the thickness 


the harder s stratum As increased, “except ‘that the increase is not constant, te] 


_ “Bodenpressung und Bettungssiffer”, von Charles Terzaghi, M. 
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lying a medium lies. the loads may be assumed distributed over a 


—— 


"thickened layer, the upper border forming a semi- ellipse with the horizontal 
axis equal to the width| of the loaded area, and the vertical axis equal to 
one-half the thickness of the s sand stratum. - This s simple rule is, of course, — ve 
Set to modification as more observation data become available. __ 
The objection may be raised against this solution that the surface on 
pe... the loads are applied is not plane, ‘and that, therefore, | Boussinesq’ 3 
formulas do apply. However, ‘it must be remembered that as soon as one 
deals with sand, none of the suggested methods has any scientific value, but | 
_ that these methods only represent rules-of-thumb for arriving at stress dis- 
tributions which are similar in character: to those actually observed. 
would be neither more nor less reason to assume a probability | function for 


t : ‘such a distribution, rather than Boussinesq’ s equation, » Or the modification by 


“ Griffith- Froehlich, if it can be. shown that such a function . also approaches 
observed distributions. If one tried to retain Boussinesq’s formulas, it 
would be merely for the sake of convenience, since very useful numerical and 

graphical solutions are available for such formulas.” 
‘Stress computations of the foregoing type are used, in combination with 
‘the necessary data on the physical properties of the soils, for -analyzin 
fi ‘settlements and the stability of foundations. 
For or a settlement analysis one is often satisfied to ‘compute the volume 
PP due to the normal stresses on horizontal 1 planes. This approach 
simple but involves two approximations: that the rate of volume 


"decrease is equal to the volume Coetnane observed in a compression test with 


nd, second, that the of the normal stresses on vertical 
7 and 0 of the shearing stresses on volume decrease, can be neglected. 


Regarding: the ‘first ‘assumption, in 1931, the writer” * succeeded in demon- 
strating with a a new type of shearing apparatus that ‘tr: compressibility of 


clays is increased by simultaneous | deformation. — Unfortunately, no data are 


as yet available as to the amount of this increase for undisturbed clay, and ; 
r the m magnitude of distortion as normally encountered in in the soil underlying 
struetures. The writer believes that for such conditions this influence is) 
, The second assumption leads to errors which, for the majority of founda- e 
a tion problems, are tolerably small. Besides, in many cases, where the loading 


ae is simple, it is not necessary to introduce such an approximation, because it is . 


© Jnfluence table by Glennon Gilboy, Assoc. M. Am. Soe. E., pub. in the Progress 
Report of the Committee on Earths and Foundations, Proceedings, Am. Soc. C. B., May, 
1933, p. 781; tables for normal and shearing stresses, for various load conditions, by L. 
: _ Jiirgenson in “The Application of Theories of Elasticity and Plasticity to Foundation 
Problems’, Journal, Boston Soc. of Civ. Engrs., July, 1934; and graphical solutions for 
distribution of normal stresses and deformations under rectangular loaded areas, by W. 
Steinbrenner, in “Tafeln zur Setzungsberechnung”, Die Strasse, No. 4, 1934: and influence — 
‘< tables for the same case by N. M. Newmark, Jun. Am. Soc. C. E., in “Simplified Computa-_ a 
tion of Vertical Pressures in Elastic Foundations”, Bulletin, Univ. of Mlinois, Vol. 
 @ “Research on the Shearing Resistance of Soils”, ae A. Casagrande and S. G. Albert, 
Mass. Inst. Tech., 1932; see, also, “The Shearing Resistance of Soils”, by. L. Jiirgenson, 
Journal, Boston Soe. of ‘Civ. Engrs., July, 1934; “New Facts in Soil Mechanics from a 
Research Laboratories’, by A. Casagrande, “Engineering News-Record, September 5, 1935: 
and ‘Characteristics of Cohesionless Soils Affecting the Stability of Slopes and Karth 
Fills » by A. Casagrande, Journal, January, 
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possible with equal, or even with less, work to _ directly the form ulas for 
strain which Boussinesq and others have derived. _ This procedure will be 
illustrated by the following example which the writer has used for instruction 


A circular area with the inal: D, resting on the surface of a semi- : 
infinite body with a constant modulus of elasticity, is loaded with p per unit 


= area. The theory of elasticity | gives for the we the 


which m n represents snumber. 
essible material, m= 


A ~ pD 
corresponds to the decrease in 


length of of a cylinder of ‘the same material, loaded with the same unit load, 

and of a height equal to 0.75; or, 1.00 times the diameter “of the areaa 


Although in most natntele, | deformation and volume change cannot be 
separated, their relation being expressed. by Poisson’s number, such separa- 


<a tion is possible for clays. If stresses are introduced into a mass of plastic 


soil i it. will first deform without volume change, and, subsequently, a gradual 


volume « decrease will take place at a rate which is , dependent on the dimensions, whi 


drainage, and consolidation characteristics of the mass of soil. to 
settlement due to immediate deformation, without volume change, 
ean be found by utilizing the stress-strain diagram from an unconfined com- ff 
Bee "pression test on a undisturbed sample of the clay. A typical result of such a S def 
test is shown in Fig. 21(a). the majority of cases the stress-strain curve 


slabs range of the stresses which are introduced into the soil by the load, i of . 


one 


ean be very well replaced by a a straight line. The slope of this line is  desig- 
nated as the modulus of deformation, M. In its effect this modulus corre- 


‘jean to the modulus of elasticity used i in the theory of elasticity. With ‘the cha 


assumption of a straight- -line relationship with the same slope in entire 


} mass of soil one fulfills all requirements to permit the application of the theory 


4 
of elasticity. Since for the deformation without volume change, m = 2, one 
ee ae arrives at the settlement i in the center of the circular area, due to deformation Tn | 
only, by replacing, in. Equation (39), ‘the modulus of ‘elasticity, . E, by the on 


subsequent ‘settlement, due to gradual volume decrease, can be 
mined with the help of the pressure-void ratio. in Fig. 21(b), 
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which is obtained from a "consolidation test (confined compression test) o on an 2° 


undisturbed sample. Since | a mass of soil i is assumed, the entire 


f Void Rat 


Values o 


_(@) UNCONFINED COMPRESSION Ter CONSOLIDATION TEST 


"intrinsic st stress in the soil in varying ¢ amounts, to a maximum of (po + 
this r range of stresses the change in volume may be with 


sufficient degree of accuracy by a straight line with the slope equal to the | 


coefficient of compressibility”, a = ——— . From this value the correspond- 


ing ratio of stress over strain is | derived, thus: 3s 


which j is stidioaite as the modulus of volume | change. This modulus corresponds 
to the modulus o of elasticity of a a material following Hooke’s law, and \ oat 
The only as: ‘assumption made in this analysis is the game as that 
made previously, namely, that the rate.of volume change is independent of 
deformation, 
baal Thus, the consolidation of the mass of clay has been reduced to the behavior 
ofa material following Hooke’ - law, and with m= 0, Therefore, the settle- 
ment of the circular area, due to consolidation pe can be found by ‘replacing — 
in Equation (40) the modulus of elasticity, E, by the modulus of volume 
change, A. - Hence, the total settlement of the center of this area will be: 5 
tne Ina similar manner one can derive fo formulas wad the settlement of other points 
ba the st surface, and for other areas. 
‘* In closing, the writer wishes to note ‘that, in his experience, settlement 


due to consolidation i in genuine clays can be analyzed and predicted, on the 


“Brdbaumechanik”, von Charles Terzaghi, M. Am. Soe. C. B., Vienne, 1925.0 
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Discussions 


sf 
4 basis of tests on undisturbed samples, wih a satisfactory degree of accuracy. 


However, for slightly plastic ‘silt clays, non- “plastic silts, and certain organic 

silts, n no amount of care can 1 prevent § sufficient disturbance to the samples’ to } 

cause an appreciable compressibility. such — 
predicted settlements have frequently ‘been too large. ey 

i immediate settlement due to deformation of ‘under large 

De areas was ; found by the writer to be e always less than the values computed on 

the basis of ‘unconfined cot compression tests on undisturbed samples. Some- 


this discrepancy | has been very large. =" cause of this is, at 


E. Am. Soc. C C. E. (by letter) *_The discussion 
served to bring out at least. three important phases. of the problem of the 
| distribution ‘of stresses through soils. These appear to be: (1) Questions of 
and Hooke’ law; the distribution | of pressure contact 


proposes to devote this closing discussion to a consideration of these three 


J 


however, the writer wishes to demonstrate the derivation of the stress equa- 
tions for another type of surface-load distribution as shown in Fig. 22. To 
"distinguish it from the parabolic distribution of Fig. 3(b), this will be referred 


to as an inverse p parabolic distribution, varying a according to the equation: 
. 


__ Before considering the various topics “mentioned during the discussion, 


so that the volume generated by 1 rotating “the shaded “area around | the vertical 


axis is equal to the volume of the circular disk of Fig. 3(a). 


Case —Inverse Parabolic Distribution (n = 8). 


rdr 


‘With the Krynine in the derivation of ~ 
- tion (25), the integration and simplification 0 of Equation (44) leads to: 


—Inverse Parabolic Distribution (n = 6).—In a Manner simi- 
VI, the substitution of Equation (43) (5) into 


| Equation (3), with n = = 6 and z = d, can be shown to give: 
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It is easily seen by substitution of a = 0 into (45) and (46) at 
‘ie ‘the vertical normal stress | on | the v sthed center line at the ground surface is 


zeYO. This i is in accordance with the load condition of Fig. 22. ‘The n manner — 
in which this stress varies with the depth is of considerable it interest and the 


graphs o of Equations (45) and (46) are shown in Fig. 23 me Oe 


} 
i. 


Vertical Normal Stresses on Center 


int 

Te 


BE 


as Percentages of py 


(45) Fi G. 22 .—INVERSE Fig. 23. 
kal 7 Isotropy and Hooke’ 8 Law: —This subject i is mentioned by Messrs, Williams, 


Krynine, Biot, Feld, Paaswell, Housel, and Casagrande. _ As is well known, 
Hooke’s law is a very | simple statement that “stress is proportional to strain. “ 


Isotropy_ is quite so easily defined. Professor Krynine u uses the terms, 
il “monotonous”. and ‘ ‘statistical”, to describe different degrees of isotropy. His 

onception of “continuum” and the number of particles in a given _volume- 


connotes the Adee that ; in some way isotropy is related to density. Mr. Feld | 


describes an isotropic body as one “having the same physical. properties in 
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all directions.” Tk writer r prefers Mr. Feld’s ‘statement, and b believes that the 
chances of misunderstanding will be lessened materially by a strict adherence 
a. the definition of isotropy commonly us used in the math mathematical theory of of the 1 
rm “The necessary and sufficient condition for a body to be elastically iso- a 
___ tropio—that is, that it should have no favored directions at all—is that its # (3 
constants should all be invariant with respect to any change of the parar 
coordinate system, or, what amounts to the same thing, that it can be made nume 
- to coincide with itself by means of any arbitrary rotation. * * * Hence, it exper 
- follows that the elastic potential of an isotropic body has only two constants (3) 
which are independent of each other * * 


It is ‘the writer’s belief that this definition precludes the idea of different — 


by th 
a degrees of isotropy.” A body is either isotropic, or it is not, and if it is not | ea 
impo} 


With of Mr. Paaswell, all who contributed to ‘the 


to be agreed that “soils, do not always follow Hooke’s law and =| this x 


they are not isotropic in the sense in which this word is defined in the mathe- 1 
matical theory of Mr. Paaswell states that the of of st 
Boussinesq equations ‘ ‘in foundation design” ‘involves the same degree 


accuracy as the: use of the ordinary Bernoulli formulas: for flexure.” These 
flexure formulas, of. course, are based on the assumption the displace- 


TeSst 
fi ‘ments are infinitesimal a and that the material in question follows H Hooke’s s law. } F sa 
in the closing sentence of his discussion, Mr. Paaswell mentions the 
fr horizontal normal stresses as well as the vertical normal stress. which is repre-_ ili 
= sented by Equation 2(c). The equations for these horizontal normal stresses” ee 
Sa _ include the elastic constants of the material and the sum of the three normal el 
7 ay stresses is one | of the well- known invariants of the mathematical theory of i 
elasticity. In o other words, in an elastic isotropic solid obeying Hooke’s law 
and subjected to infinitesimal displacements which are within the elastic” 
limits of the material, the stress system at a point within the solid. includes 
on 
ea three normal stresses and two of these stresses contain n elastic constants. = eon 
For ordinary soils, Mr. Paaswell states that the terms containing these Buble « 
“elastic constants will vanish. However, the writer is ‘unable to. understand 
how t this problem can be expected to work both ways. According to Boussi- 
mesg two of the three normal stress ‘equations contain elastic constants. With i D; 
the terms. containing the elastic constants eliminated from: the stress “equa- 
Be fe tions, ‘it is evident that they are no longer those given by Boussinesq. Tt Sete 
appears, therefore, that Mr. Paaswell agrees with the writer’s Conclusion (2), 
in the 
namely, that t the equations « of the theory of elasticity must be modified 
ore ey can e applied to soils. Bleast 
it is is taken for granted that so soils do not obey Hooke’ ’s law and that diffcu 
iG they are not ¢ elastically isotropic, there ; arises the question as to what is to — 
be done about calculating stress distributions in soils. In the writer’s Materi 
there : are several possible methods of "approach : (1) By assuming that soils 
are anisotropic; (2) by modifying equations for elastic isotropic solids; 11 
e. i and (3) by eliminating the theory of elasticity in favor of a “rational method’ A UZ 
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the variations of the properties of the soil in different 
This s method has been demonstrated by Professor K. Wolf. It is also the 
method used in the study of the elastic behavior of crystals.” Bi thi allt 7 
The equations for elastic isotropic solids may be modified 
parameters in the manner demonstrated by Griffith’ and F roehlich.” The 
numerical values of the parameters are to be determined by - comparison with 
experiments. This i is the method used by the writer, 0” 

(8) The theory of elasticity may be eliminated entirely and the problem 
attacked on what may be termed a rational basis. . This ‘method : is represented 
by the procedure outlined: by Professor Housel who - attributes considerable 
‘importance to surface phenomena, ‘particularly the edge effect at the peri- 
meter of a footing. | Professor Housel’s method is , similar to that developed 
by Froehlich and referred to by him as “die kritische Randbelastung.”— 


~ method the coefficient of internal friction, $, plays an important 1 part. 


= 
£4 
R 
co 
a 
77) 


‘The interesting fact about these several n methods of attacking the , problem - 
of stress distributions soils is that, to some extent, they appear to 
related in various ways. his (21), Professor Krynine shows 
relationship between the Griffith-Froehlich nm and Terzaghi’s coefficient of 
pressure at rest, OK _ The coefficient K, in» turn, is related to the coefficient 
of internal friction . . Mr. Newmark has developed a function, ¥, which he _ 
expresses in terms of n by Equation (28). — With the aid of the Rankine 
stress circle, Froehlich has shown a relationship between the concentration 
factor, n, the coefficient of internal friction, The same writer has 
demonstrated mathematically that the concentration factor, n, is more or less 
bihan 3, depending on whether the elastic modulus of the soil increases or — 
decreases with the depth. By means of Fig. 16, Professor Housel compares" 
bis solution with that of Michell which i is based on the elastic theory. eh a 

_ This problem presents an interesting | field for further study particularly 
of large- scale experiments o: on actual ‘structures. Information avail-— 
able on the subject at present is insufficient to enable e one to ‘state that — 

particular method of calculating stress distributions is to be preferred to all 


_ Distribution of Pressure on Oy Contact Surface. —This problem has been © _ 
by Messrs. Williams, Krynine, -Wilcoxen, Findley, Feld, ‘Salter. 
Housel, and Eremin. There i is no question that it is an important mt factor 
in the behavior of foundations. The subject i is not fully ‘understood, ar and ye aa : 
of all the unsolved problems of foundation | engineering, — it is probably the 
least difficult to investigate experimentally on a large scale. _ It is ‘neither 


difficult 3 nor expensive to bury pressure cells under full- sized structures in 


_ “Ausbreitung der Kraft in der Halbebene und im bei Anisotropen 
Material”, Zeitschrift fiir ange, Math. u. Mech., 1935, Vol. 15, No. 4, 249, WED tee 
“Mathematical Theory of Elasticity’, by "A. BE. H. Love, Fourth p. 159. 
“Pressures Under Substructures”, Engineering Contracting, March, 1929, 
“Drukverdeeling in Bouwgrond”’, De Ingenieur, April B 1932, 52. 
“Druckverteilung im Baugrunde”’, p. 83. 
“Drukverdeeling in Bouwgrond’’, De Ingenieur, April 1932, 
s “Druckverteilung im Baugrunde”, 90. 


3 

— 

| 

| 
— 

— 
4 "4 
jes 

| — 
iii 

ii 
f 
— 
4 
— 

 §$§s§g 
to 
x 


CUMMINGS ON DISTRIBUTION OF STRESSES UNDER A FOUNDATION Discussions 

rder to determine actual pressures in the plane of contact between 

foundation and soil. Pressure” readings continued over a period of time 
would show the nature of any changes that might» occur in these surface- 
distributions, 
In his discussion of the problem, Mr. _Wilcoxen presents Fig. 9(b), 
art distribution which is a maximum at the edges and zero, 
in the center of the plate. Within the solid he shows a stress distribution in 
which the vertical stress. on the vertical center line reaches” a ‘maximum 
of 300% of the average surface load. This maximum is shown at a depth « of 


about one- -half diameter of ‘the plate. ‘Mr. Wilcoxen that. an 


Fig. 9(b) x represents true e explanation. 

distribution of surface pressure in n Fig. 90) is as that of 
‘Fig. 22. The 1 vertical ‘normal stress on the vertical center line, for the load 
condition of Fig. 22, is shown in Fig. 23. , Iti is easily seen from Fig. 23 that 

at no point on the vertical center line is this stress anywhere near 300% 
of the average surface load either in the | elastic isotropic ‘solid (n = 3) or 
in sand (n = 6). The distribution of surface pressure a and the stress distribu-_ 

by tion within the solid, as shown in Fig. 9(b), are not compatible. - ~The experi- 
ment performed by Mr. Wilcoxen is difficult to interpret, but it appears to 


been an impact rather than one of ‘static pressure. The 


very” careful experiments” how been performed by Kogler 

_ Scheidig™ ’ for the purpose of determining the distribution of pressure in 
the contact plane between a a rigid body. and a a bed of sand. For - gig 
body, stg a heavy circular block of concrete, 63° cm (24.8 in.) i 


| Pressure ¢ cells were embedded i n the lower face of the block s 


At ‘the cells were placed in the bed ata. 


sand. The results obtained in n these « experiments with Mr. 
coxen’s Fig. 9(a). In the contact plane the pressure was a ‘maximum at 


center. Mr. Wilcoxen states that “foundation flexibility i a the key to the 


hi half the problem. ‘The half on ‘the elastic properties 


of the material on which the foundation is built. af 


A factor in this problem that is sometimes | overlooked i is the e horizontal | 
- friction force that may be developed i in the plane of contact. | The 3 point load, 


in Fig. normal to the ‘surface of the solid. When is 
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footing, it is almost certain that, under some conditions, appreciable hori- 
_ zontal forces are generated i in the contact plane. _ These forces affect the stress 
ns distribution within - the solid. Almost x no information is available as to the 
nature 2 and d magnitude of these horizontal forces under a foundation or even 
under a test plate. - However, Boussinesq” has discussed several theoretical 


horizontal forces applied at the ‘surface of the solid in 


Messrs. Findley ‘and Salter have discussed this question from the point 
of view of the practical designing engineer. — Serious complications are 
"involved, of course, in dealing with the general problem o of a given foundation 7 
dh a given soil. _ There is also tl the question of how far a practical — 
should go in ‘Me efforts to determine the probable distribution of pressure on 
a the contact plane. At present, the practical designer is not able to go very 
far in this direction due to the lack of field data as to the actual pressure 
distributions that exist under full- sized structures. Without these data With 
which to check the theoretical analysis, the problem is still more or less i in the 
° field of speculation a as far as actual foundations and actual soils are concerned. _ 
In this connection it is to be noted that Boussinesq’s methods do not lead 
to a solution of this general problem. The surface load distributions shown 
7 in Figs. 3(a) , 3(b), 19, and 22, are not to be confused with actual plates or 
ot 


of potential functions can used to “determine the dis- 
tribution of stresses within the s solid. i, instead of these surface pressures, 
the displacements at the surface a are given, ‘Boussinesq’s analysis” ean also = 
les applied, and the stress distribution within the solid can be found from i te 
i _ However, in the general problem, neither the pressure distribution ‘nor 
‘surface displacements is given. A footing with certain elastic properties 
is to be placed on a soil with other elastic properties. _ The footing is to be 
iene by means of a concentrated column load, or otherwise. _ The available 
_ methods for attacking this problem and the solution of a practical problem 
of this type, were outlined in 1935 by Froehlich.” ‘The solutions for 
“number of cases involving circular plates carrying various types of loads — 
have been published 1 by Dr. Ing. Ferdinand Schleicher." > ‘The equations for 
stresses and displacements include the elastic properties of the plate as well 
The Effect of Depth on Stress Distribution —This subject was mentioned 
several times during the discussion. Professor Krynine states that, “prob-— 
ably at a certain depth within the earth all matter obeys the Boon 
Newmark calls attention to the fact that “* oe 
experimental data are limited to measurements at depths of less than 
nearly in the manner of an elastic and homogeneous material * * — a 


“Die Bemessung von Flachgrindungen aus Hisenbeton die neuere Baugrund- 


Beton und Fisen, 1935, Heft 12, 
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So is true, of | course, that the physical properties of soils depend to some) soluti 
extent on the pressures under which they exist. In sand, it is generally| await 
that the elastic modulus” increases directly with ‘the depth. For af case | 
a homogeneous sand bed of great depth, , the elastic properties at a depth of 50 stress 


In m 


would certainly: differ from those ata depth of 5 is a question, 


to full- ‘structures. As has been shown, the 
a ue of about 6 for the concentration factor, n. Whether o or not a stress 
concentration factor as high as 6 would apply to a full- “sized structure on a 
= bed of sand is largely a matter of speculation. It seems probable that, 
in a bed of of compact sand of indefinite depth, the average stress 8s concentra-} 
a ion factor m might not reach a value of 6, although it would be more than 3. | 
In discussing this question of depth, Mr. Paaswell “mentions Boussinesq’s 
a ‘theory of “local perturbations” and states that, “the manner r of loading ab 
foundation and the soil pressures near its loading can generally be ignored nor 


in the determination of the stress distribution in the deep s strata 7 oe 
This is correct if the strata under consideration are deep enough. However, 


problem, as is done by Mr. Paaswell, ‘there is one important factor in the 
. foundation problem that must not be overlooked. ‘Tae 
‘ “Depth” in the foundation problem is a a relative term a and the vertical 
co-ordinates | of Figs. 4 and 23 are not absolute depths; they are ratios of 
- depth to radius of loaded area. The concentrated load in the girder problem 
is not exactly analogous to the: distributed loads in the foundation problem. 
In general, the stress distribution calculations are made for structures that 
cover ground areas on the order of 100 or 200 ft in diameter. Even if. the elast 
structure were “supported by isolated footings, it is the entire loaded area flexu 
that would have to be considered . At the same time, the depth from ground 


level to rock or hardpan, over the of the surface of the earth, is§ 


ou as City Mexic co a the mouths of the “Mississippi the 1821 
Yangtse Rivers. However, the most common condition is one in which elast 
- the depth of soil and the diameter of the loaded area are of the same order whic 
of magnitude . In other words, in a practical foundation problem, it it is the man 

region represented by the upper parts of Figs. 4 and 23 that is of particular. = I 
a this region the distribution of surface pressure is especially 
edie important and, regardless of the probable value of the concentration factor, | theo 
3 there are large variations in the magnitude of the soil stresses due entirely J mas 


the manner in which the ground surface loaded. The foundation Terz 


i problem, ‘therefore, appears to be largely : a question of surface phenomena ago. 
3 and local perturbations rather than one of stress distributions i ina en 


‘such as s those “mentioned by Professor Casagrande. Rigid underlying 
zi strata; planes of discontinuity due to stratification in the soil mass; _ soft 
“clay beds under beds of dense sand—all affect the stress distributions. - These 
problems have been attacked theoretically a and for some of them + a ‘theoretical 
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| ever, Professor Williams sees no reason for discouragement i in this situation; Ba 
nor can the writer. Iti is believed that a parallel” can be drawn between the 


However, Love goes on to state that “* * *- * su 


| 


Biot’s analysis. 
The number and on of the discussions on — 


Summary and 
this paper are indicative of the great interest that ha s developed in founda- 
tion problems and soil mechanics in recent years. Nevertheless, there can 
be no question as to the truth of Professor Williams’ remark concerning the 7 


“rather amorphous state of foundation literature” at the present time, -How- 


development of soil mechanics ‘and the development of the ‘theory of elasticity 


which is the basis of modern structural analysis. eo Wtierast 
Galileo, | in 1638, was the first mathematician to endeavor to determine 


the nature of the resistance of a beam to rupture. ‘During the next 200 yr the | 
development of the elastic theory \ was in the hands of f such men as Galileo, 
Hooke, Mariotte, Young, Euler, Daniel Bernoulli, Jam ames Bernoulli, La | Grange, 
Coulomb, and others. These are all well -known names and yet, in the 


“Historical Introduction” to his “Mathematical ‘Theory of Elasticity,” Love 


“ie the end of the year 1820 the fruit of all ‘the ingenuity expended o 
elastic problems ‘might be summed up as * * * an inadequate theory 
flexure, an erroneous theory of torsion, an -unproved theory of the vibrations 
of bars a and —_ and the definition of Young’s modulus.” = fe pe 


estim te would 
give a very wrong impression | of the value of the older researches”, - The year 
1821 marks the discovery by Ni avier of the general differential equations : of 
elastic equilibrium. Since then another hundred years have elapsed 
which elastic theory and structural analysis have ‘made great progress in 

many directions, 
In comparison with this record, soil mechanics and foundation engineering 

are very young sciences. 23. Rankine’s work is about eighty years old and 
‘theories: are now termed “classical”. Boussinesq’ great works on pulverulent 
‘masses and on. the t theory of stress distributions are only fifty years old. 


Terzaghi published his theory, of the consolidation of clay about fifteen years 
ago. In the past ten year rs much progress has been made, although many _—- i 


remain unsolved. The most serious obstacle in the e way 
of further progress at the present time is the lack of accurate information -- 


to the behavior of existing structure. 
conclusion, the writer wishes to his incere thanks to those 


who contributed to the discussion. He feels that the value of his paper was” 
increased by reason the discussion, and he the 


ons 
| 
await the collection or data m the Held. It 18 imteresting to note wat im tne — 
r al case of a rigid underlying stratum, Dr. Biot’s equations (Fig. 20) indicate : — 
508 stress concentrations in excess of those given by the Boussinesq equation. a — 
on, In most of the experiments shown in Table 1 and Fig. 4, the pressure cells’ sa | i. 
ion | were placed on the more or less rigid concrete floor of the laboratory. The iii 
1 al experiments produ ired by Dr. 4 
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ADAPTATION OF VENTURI FLUMES TO FLOW | te 
“MEASUREMENTS IN CONDUITS con 


the 
By HAROLD K. PA ER, M. AM. Soc. | hed 
ha 
_ Fred D. BowLus, Assoc. M. AM. Pa 
— 
K. PALMER, = M. Am. Soc. 
A Soc. C. E. (by letter) From. “many “constructive 


‘reosived, the e writers are encouraged to hope. that, more and more, water 
will be measured by” Venturi flumes developing critical depths. Especially will 


this be true when hen more accurate verification | can be obtained, in hydraulic dep 
of some of the principles, involved, and more simplified caleula- 
tions of flow can be made, as suggested by some of the ‘discussers, > by | 

Mr. Hopkins has developed excellent formulas for calculating co- 

rT 


om the quantity- -energy head curves. . Since 1 these curves form the basis of 
all ‘Venturi flume rating curves, the writers suggest that all notations ref referring the 
to the frictional loss, varying with the shape of the throat, , and to ) velocity hea 
head, varying with the velocity, be omitted from the terms of the formulas 90¢ 


Mr. Hopkins. This would “mean substituting in his hig 
formulas. In order” that these may readily available, the formulas for gul 


the more common th throat, sections are summarized as follows: : For a 

rectangular cross-section, on, Equation (26) becomes: ih 
a flume of V-shaped cross-section, Equation (28) 
‘ma 


Tre, 


and, for a flume of trapezoidal cross-section, Equation (31) becomes: eS 


‘* -_ -Norge.—The paper by Harold K. Palmer, M. Am. Soc. C. E., and Fred D. Bowlus, h 
a —— Assoe. M. Am. Soc. C. E., was published in September, 1935, Proceedings. Discussion on ne 
a ¢ a this paper has appeared in Proceedings, as follows: November, 1935, by Messrs. N. F. I 
Hopkins, and Hunter Rouse; February, 1936, by Messrs. F. V. A. B. ‘Engel, ‘and J. C. 
Stevens; and April, 1936, by Prof. Ing. Filippo Arredi. in 
3 = Chf. Draftsman, Los Angeles County Sanitation Dists., Los Angeles, Calif. i ; 
Engr., Los Angeles County Sanitation Dist. No. 2, , Whittier, Calif. 
= 
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ps Arredi has suggested a most welcome graphical ‘method of deter- 


‘mining the proper size for a Venturi flume throat in any ‘given ‘installation 
and for drawing the rating curve, thus obviating the aes laborious method _ 


ak Mr. Stevens describes a slab, curved in longitudinal section (which he has 
already used circular conduits), based on somewhat the same principle 
as that of the writers. “This would probably add some e refinement by reducirig” 
frictional losses. which, howe ever, ‘might be smaller than the recording device > 
could register. = The writers believe that the insertion of a level section ine 

the bottom slab will be | positive assurance that critical depth is obtained w with | 
parallel flow, as proved by their early experiments. They not “agree 
with Mr. _ Stevens as to the the preference of the simple flat slab over the 
“trapezoidal form of throat. The Los Angeles County Sanitation Districts 
re a 6-in. Slab with a 3-ft level section (6 f ft including transitions), ‘installed 

in a 54-in. sewer, but found it necessary to change to a trapezoidal flume for 

greater accuracy. One difficulty with | a slab is that a thickness required to 

. give good results during peak flows may r cause deposits of silt or sludge at low 


ca ™ For very small flows in a sewer, a flume with ‘side contractions and no ‘ 


bottom slab would be better, 


The writers also disagree with Mr. Stevens’ statement that whenever the 
apt of tail-water below the throat of a Venturi flume is more than 65% 
of that above the throat, correct calculations of the flow can be obtained only | 


by ‘recording at the two points. The \ w writers shave Tecently been 


| 


the range ¢ of | accuracy | a recorder the flow can n be from a single 


head- water depth above the flume when the tail-water depth is approximately Pe 


high as s 92. AY simple of and. depths of flow ‘through a rectan- 


ene Venturi flume installed in n a conduit with a le so flat as to — 


‘As the water ‘Passes from restricted throat section into the 


“a ) consider that t the loss is 3 25% of the difference i in velocity heads. _ Neglect 
ing the slight velocity head of the tail-water, only 25% of the velocity” 7 
head in the throat would be lost, or one-twelfth the total energy head. This 
‘amounts to 8% and thus would eave the tail-r water depth at about 92% of the : 

The writers, have that it jump, or undulations, occur 
iin ‘the transition section below the ‘throat, there is no ‘effect on 
‘depth : parce oa meter, but when the — occur in the throat and are 
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we 


jump 
will oc oceur in 4 or the tail-w vater depth less than 90% 


Fig. 24—VENTURI FLUME IN W ‘H DIFFERENTIAL HEAD METER SET 
OccuRS BELOW THROAT WITH NO APPaR- TO Loss OF HEAD AT ENTRANCE 
ENT Back-WaTeR EFFECT. VELOCITY To In Turis Case Loss Was 


THRoaT Is ABouT 2.5 FEET PER 01 Foor ror 10 Cubic Freer per SEconD 
D, RESULTING IN SurF ACE AVES. 


The writers are indebted to Mr. Stevens for the details of his: float mechan- 

ism which should give accurate readings without being affected by 

Dr. Engel claims, i in English experiments, an accuracy for 
mes of 99.5%, , but unfortunately in the two cases for which he published 
‘i e data, the water did not flow at critical depths in the throat and, there- 
fore, the results are not applicable 1 to the present ca case. The 2 accuracy attained 
to vary inversely as s some power of the velocity above the 
Engel questions the accuracy « y of the Parshall meter, but 3 in the United States 
t is generally accepted as a standard method of measuring water, and the 


in n the: test comparison with the Parshall meter. the wooden Venturi 
flume was installed in an ‘irregular | channel the comparative results with the 
Parshall meter were only submitted show the general a al adaptability of 
as the flume throughout a considerable range in flow, in a sewer where it would 
been to have installed a weir. Dr. states that 
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in a conduit has been 1 entirely neglected wt the writers. In the weltees’ method 


of computing a rating curve, the loss of energy up stream from the throat 


_ affects the rating curve, , whereas the loss a stream has no effect as long as a 
’ flume ® as given by Dr. Engel, the loss of head 1 a ) stream is taken care of in n the f 
q constant, Cr, but it i is probably a function of the length of the throat and flow, 
being negligible for smaller throats and also for small flows, = 
_ Mr. Rouse has ably discussed several of the theoretical limitations to the 
proposed method d of using these flumes, which apply cases where ¢ cireum- 
stances permit more than the ordinary accuracy of measuring the depth | of 
water, or in very large installations. The | writers had some of these 
tions in mind when they , suggested 1 measuring “the loss 0: of energy at the 
entrance to the throat. ‘He rightly questions its suitability as a control meter 
is hydraulic laboratory experiments as it would be necessary to calibrate each 
installation | of that kind. Under such cases the weir would serve. just 
well and would be much easier to install, but i in the field where allowable grade — 
and funds for an elaborate metering station are limited, especially 


1 or most serious ieaien is that the exact lenatlen of the critical dept 
section is unknown, and varies with the flow ; this i is true, but it is | the mini- 


mum energy rather than the critical depth > that the writers: use; and small 
variation from ‘critical depth, or s or some curvature of surface, ‘may occur without 
an appreciable effect on the energy-head depth. There is a difference in 1 the 


of measurement, nt, depending o on . the hydraulic conditions i in n this section of ‘the 
conduit; but it is small and can be measured easily and allowed for within 
the degree of accuracy of the recording device (see Fig. 25). _ Although, theo- 
| ‘retically, it is a drawback, practically the error is less than the cpl 


The following c case e illustrates some of the difficulties met in field installa- - 
tions. In a 24-i -in. . trapezoidal flume set in ina 54-in. sewer | having a grade o 
i 0.15%, a flow averaging 21.5 cu ft per sec produced a record with a blurred — 
line nearly 0.25 in. in width, _ due to small surface waves superimposed on 
longer waves with a “period of a minute or more. - The flow varied from 20. 6 
to 22. 4 cu ft per sec and the mean could be obtained only ad estimating - the 
a Mr. Rouse takes exception to the w ee attempt at measuring gz flow o 
a great Tange by the the method proposed. — This ‘difficulty i is one which must be 
met in. sewage- flow measurements: where the daily maximum may be three 
times the minimum, , and during a storm a much > greater range ‘is to be 
if the sewerage system growing, the daily maximum ten years 
. hence may easily be ten times the minimum of to-day. In storm drains the 
oy flow is even more erratic. This precludes the the use of the hook- gauge for 
the stage recorder; therefore, in considering» 
degree ‘on accuracy to be thers must be borne in mind that efine- 
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Me. 6 feels that this investigation should have been performed in a 
7 laboratory, with which the writers fully agree, but no laboratory was avail- 
able, and there was great need of finding some method of installing meters in 
constructed : sewers where weirs had been found inadequate. After the | investi- 
gation had developed a practical meter, it was discussed with other engineers 
in the Southwest who showed great interest in it and urged that discussions 


and results be. published at once. ‘The writers are confident that flumes care-_ 
fully constructed i in accordance with their recommendations will give accurate 


a» ‘However, it is hoped that laboratory work will be undertaken to inv vestigate 


some of the following uncertain points: (a) Proper length of throat; 
formula fe for e energy loss in head-water; maximum of tail- “water 
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THE STRESS FUNCTION, AND PHOTO- | 


= ELASTICITY APPLIED TO DAMS 


JOHN | H. BRAHTZ, 


 Jonn H. A. BranTz," (by letter).™ “In closing this paper, the writer 


Ww tishes to ‘express his’ appreciation for the many interesting discussions that 
have appeared. All h ave been of high caliber, and illustrate the fact 
that engineers are getting away from antiquated rules of thumb. With 
fuller realization of the importance of two-dimensional stress problems, they — 
are attacking st such problems with open minds, more and more leaning toward © 
the theory of elasticity and its co-partner, photo- o-elasticity. ‘This inquisitive 
open-minded attitude is decidedly “encouraging. Onl; y thus the 

In eating the discussions, those pertaining to theory will be considered 


Mr. refers to, and very clearly demonstrates , the usual method 


for obtaining te. the e differential equation | asa 
product of two functions, each of which is a function only | 
"independent variables (x, or (r, 6), As stated in discussing 
- Equation (44) ¢ of the ; paper, this method was purposely 3 not employed, in n order ; 
_ to demonstrate the use of the general expression, Equation (4). In separating 
_ Equation (4) into its real and imaginary parts, both of which will be solu- 
tions to. ‘Equations (3), either Cartesian or polar -ordinates may be weed 
4 simply by placing the e complex variable, ‘2, equal to x + ty, orr (cos c+ v sin 6), 
respectively. In fact, the stress components and displacements ‘are often 
0 btained most easily by carr, carrying ng out the differentiations of the stress function - 
| in complex form ations taking real or imaginary parts. In this connection, 


Nore.—The paper by John H. A. Brahtz, Esq., was published in September, 1935, 
"Proceedings. Discussion on this paper has appeared in Proceedings, as follows: Novem- 
‘= 1935, by I. K. rate Jun. Am. Soc. E.; December, 1935, by Fred L. Plummer, 
Assoc. M. Am. Soe. C. January, 1936, by y BES, A. G. Solakian and Lars R. Jorgen- — 
February, 1936, oO. Bergman, Assoc. M. Am. Soc. C. April, 1936, 
by D. P. Krynine, . Soc. C. E. 


#1¢ Received the Secretary April 23, 1936. 
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BRAHTZ ON STRESS FUNCTIONS AND PHOTO-ELASTICITY AND DAMS Discussions 


following expressions are useful. f = U + (iV be a holomorphic 
complex function and consider. the ‘real part only then 
= ag) _ 


— 


= imaginary part ‘of — 


aly 


(100d) 


useful and in 1 two- »-dimensional stress, 
“ie 3 i It is to | be noted that the first function of Equation (4) is holomorphic, 


the last are and must be treated as products of fune- 


| again emphasized that : many m methods are available for finding solu- 
tions to Equations (3). The trick is to find the proper combination of 


solutions which the given boundary conditions. Unfortunately, n 
general method is available weber purpose. | On the other hand, if such a 


other words, to fin find the solution for a given two- dimensional ate 
problem it is necessary to try this or that combination of known biharmonics- 
(those which satisfy Equations (8)). the solution is finally | obtained—often 
after days” or weeks of hard Jabor—the writer generally must resort. to a 

phrase, such a as “consider the following function”, and then merely pri prove 

that it does satisfy all the conditions of the | problem without being able to 

- explain just how he obtained the function. . This often leaves the reader with | 

the impression that the writer mysterious. technique, which 


The value of the practical en engineer begins 

"with an intimate knowledge of the few known simple exact mathematical 
‘golutions and the ability to combine them i in such a manner as to give a good : 
solution of the problem | at hand. Asa a rule, ‘an exact mathemati- 
— to a practical problem is so unwieldy as to be of little or no ; 

_ practical use. Indeed, the assumptions that must be made as to the physical 

properties of the materials involved in "practical constructions 

are generally such as te preclude an exact solution of any practical problem. 


Lee should be understood that at best only a close estimate of the stresses in 
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‘The and presented by the writer hold ‘strictly only 
_ under the assumptions stated in the “Introduction.” é In practice these assump- 
tions are never completely fulfilled. , fact, in some instances, it is impos- 
sible ever to | determine the real properties. This: is especially true in the case 
_ Professor pct treats this subject i in his excellent discussion and points 


Krynine has made a in extending» the tain 
foundations to three- dimensional plastic media. The apparent ambiguity 
in the value of Poisson’s ratio, Hay for the foundation treated by Professor 
_ Krynine ceases to exist when it is again remembered that the formulas only 
hold for elastic media in plain stress or strain. In that case, no enna is 
as to the incompressibility of soil particles. 
computing stresses in a semi-infinite ‘(three- 2-dimensional) solid due 
to its own weight, to a uniformly distributed surface loading, or to a com- 
bination o of both loadings, it would be proper to specify the horizontal strains - 


equal to zero. This g gives ‘rise to the formulas” . wre 


‘The displacement formulas pr presented by: the writer are useful for the snide 


sis of a long straight gravity dam on an elastic or quasi-elastic foundation, - 
even if the elastic modulus of the dam itself differs from that of the founda-- 
tion. The m ‘method of procedure of this’ problem was was outlined under Case 
in the paper. ‘Numerical results have been developed a as graphically in 
‘Fig. 20. _ curves were obtained in connection with a study of Grand 
slope of 0.8, and with ‘concrete weighing 156 Ib p per cu ft. The curves indi- 
cate qualitatively the tendencies of ‘distribution at the base as tl the foundation 
stiffens relative to the dam. The analysis did not take into consideration the 
|= concentrations near the heel and the toe. It is of interest to notice 
_ the general agreement between the curves for _ foundation (n = 0), 
and those obtained by Mr. B. F. Jakobsen“. 
Professor Bergman points» out in a lucid manner the physical interpreta-_ 

of the curvatures in the Airy surface. These properties are used in 
“the “slab analogy”, an experimental method by which stresses in a two- -dimen- 
- sional problem can be obtained by measuring curvatures | and twists ina 
warped elastic slab. This is possible | since the differential equation ‘ine 


= (3)), of the Airy elastic stress function, V‘ F = 0, has the same form : 


Bulletin 117, Iowa Eng. Experiment Station, pp. 39-48 


_ “Transactions, Am. Soc. C. B., Vol. 96 (1932), p. 489 een 
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as. the differential equation for the normal displacements, Ze of a a 


elastic | slab, V‘ “z= 0, when the ‘curvatures are held to a low ‘magnitude, This 


that the curvatures must be measured by m means of microscopes or cor-— 


SS 


| 


UTION OF NORMAL STRESS ty ON 
(Mass+Water) 


f Dam 
— —~ — 


; Upstream Face o 


- 


DISTRIBUTION OF SHEAR STRESSES ON BASE 


Inch; 


‘Fic. 20. —STRESS DISTRIBUTION, GRAND CoULEE Dam. 


 respondingly sensitive measuring devices. ‘the analogy, the « curvature of 


< 
the slab at any ‘point is proportional to the normal stress in a perpendicular. 
_ direction in the prototype, | ‘and the twist at any point is proportional to the 7 f 
‘corresponding shear. "Naturally, the slab must be warped by twists and curva- fF 
ee tures at the boundaries that are themselves pr proportional to the boundary forces 4 


of Colorado, under the of Tvan E. Houk, M. Am. Soc. ©. Tt is is 
indeed gratifying to contemplate ‘the testimony « of Professor that 
“good general agreement exists: between the theoretical results presented | by 
the writer and this type of experimentation. That. ‘the stress 
= at sharp corners were, to a large extent, saliewell by plastic flow v was to be 


8 
expected. In deriving the approximate formulas for fillets the writer did so ; 


in order to be able to design a fillet with a. safe elastic stress distribution | 


without recourse to Plastic: time-flow of which very little is. known under 


“alternating load conditions, 
—* the “Tntroduction” to the paper r the writer stated specifically that the 


Ee 4 intention was not to set up design criteria, and that the question of “uplift: 

was disregarded, except to assume ‘that sufficient | compression ‘must exist all 

_ counteract the effect of uplift or liquid pore pressure. ‘Iti is correct, therefore, 


ae to to apply the theoretical results only to dam sections in which this i is true, or 
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at least where the resulting tension is not sufficient to cause rupture. In con- _ 
nection with this. “question, Mr. Jorgensen cites ‘several dam failures: and 


shows that, in all cases, the total effective slope (up-é -stream plus: down- stream — 


Theoretical studies are now being made by the writer for the purpose of a - 
5 mining the effect of pore pressure on the stresses in hydraulic structures. 


real headway can be made i in application - to practical ; structures until the ques- a 
. tion of “ ‘contact area” between particles, has been settled experimentally for 
various s concrete mixtures. Experiments to that end have been inaugurated 
7 at the laboratories of the Bureau of Reclamation. 7 Some work has already 
been done in this field by various experimenters“, but there seems to be a wide 


difference in opinion; in fact, the value given for effective contact area varies — 
“from 2 2 to 40 per cent. Until: the question is settled beyond a doubt it would 
Bes necessary, then, to assume the contact area to be practically zero, which 


means that full uplift must be assumed to exist. _ Assume, for example, that | 
triangular uplift pressure e exists at the base, equal to the full reservoir head at : 
the heel and zero at the toe (which i is reasonable for a 1 nearly i impervious dam _— 
on a pervious foundation), and apply this to the study of Grand Coulee 
Dam as shown in Fig. 6. Tt will be found that the vertical normal stresses 
(Fig. 6(a)) near the up- stream face and the horizontal | normal stresses in 
4 the same region of the foundation, Fig. 6(b)) both become tension. . The final 


section of Grand Coulee Dam has been designed aes up-stream - 
0. 150 and a down- stream Slope of 0.8. 


of 

ar the than that ‘computed by the atraight- line 

ne formula (Lévy). _ This would more than bear out Mr. Jorgensen’s contention, 

a- and would indicate that, due to the restraint of the foundation, a section even — 

es heavier than the is needed in cases of ry founda- 
tions if the experiments confirm the evidence that full uplift must be applied " 

ts | ‘to the dan dam. This contention is still more true if earthquake accelerations — 7 

ty are | to be considered and the situation is further aggravated by y shrinkage 

is | 

at < Fi ig. 20(a) would indicate that the ratio, n, between the elastic moduli 4 in 


‘the foundation and the dam has an important influence on the stress situation 
at the heel. Further studies along this line should be made so that this © 


ningly | important “effect can . be taken into consideration in the design of 
the minimum section on a given f foundation. The approximations made in the 7 


analysis underlying Fig. 20 were such as to indicate that the ev curves for 
0.5 ‘deviate slightly too much from the Levy line. 
‘theoretical: study of the situation around the heel, i in which = open 


crack was ‘assumed to ‘exist under” full ‘uplift, demanded an effective total — 


i of 0. 87 (with 150- lb concrete) for stability. a 


or 
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s problem is three-dimensional, so tha 1e Individual case must be dealt with “2 | — 


separately. ‘The writer has no opinion to on the e subject 


by Mr. Jakobsen to. justify the impression that the only point in favor 


) 


oni 


of a curvature without arch 1 action is is public psychology. 

Parts: I and II of the “paper w were originally presented in two separate 
manuscripts. . It was fi finally deemed advisable to combine | them, and with 


the limitation set on a single ] paper, it became necessary to reduce both.  Con- 
“sequently, only sufficient description was retained | of the photo-« -elastic material 


to show general methods and give ‘the necessary checks on the “theoretical 


4 results obtained in Part I. _ Furthermore, the photo- elastic work was conducted 
as early as 1931- 1932 and nvuch improved technique has been introduced since 


then. Reference to ‘Fig. 21 w ill show that large” spherical reflectors were cused 


Fic. 21.—View or PuHoro-Etastic LABORATORY, CALIFORNIA INSTITUTE 


instead of ‘the much ‘more> expensive lenses, and that the polarizing unit is 


— offset from the analyz zing unit, thus calieiaiinns a convenient large space for the 


car The important features of the two Simesions, dealing with Part II are the 
methods for the determination of stresses due to body forces. It is of interest 
to note that Professor Plummer and Mr. Solakian have developed the centri- | 
fugal method independently. Professor Plummer finds that the method ; gives 
results, but that it requires elaborate apparatus and very careful adjust- 
“ments, and he prefers the direct- loading method described in his 1 very excellent — 
— and developed in co- operation with the U. S. Corps of Engineers, 


at Zanesville, Plummer ‘gives new and valuable information 


in this very 


Review of Soientif — 1934, pp. 80- ny 
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optically sensitive substance will not prevent a reliable cattbestion the weiter 
‘believes it will be of inestimable value. in photo-elastic experimentation, 
especially on foundations and related problems. 

The writer has adopted ‘the ingenious _ method, wempected by Dr. Biot, of 
_ loading the ‘boundaries v with normal force distributions equal to K y, in 
which is equal the weight of the material in the: prototype, and is 


body force to a convenient lin line perpendicular to that force. This loading will 
deliver the correct isochromatics and isoclinies due to body forces ys 
peu Let the principal stresses obtained from the foregoing loading be a’; and o's; 


a then, the actual ¢ stresses at a point due to body force will bee 


raves 
.. (1114) a) 


: _ forces. As a matter of fact, in the case of dams and many other civil — 

engineering structures, both sets of stresses are usually required separately, 
"either for for design purposes or if strains are to be e measured in the prototype 


In conclusion, the writer | wishes to announce the construction of a new 
7 photo- elastic interferometer for the Bureau of Reclamation by which the — 
— vidual principal stresses at a point ‘ean be found directly. it will mark a 
new advance in technique which promises considerable time- saving. . The 
“apparatus Ww was designed by John Soehrens, Jun. Am. Soc. C. in the photo- 


ate = ad's 1 


| 
distance trom the point of the boundary measured in the direction of the 
] 
x 
— 
— 
and, 
: which y is the ordinate to the point measure the Same system as 
The correctness of this method can be proved directly by use of the Airy 
stress function. It has been used extensively and very successfully in the 
= 
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FLOOD ‘AND EROSIO CONTROL PROBLEN 


AND THEIR SOLUTION 


Discussion 


. COURTLANDT EATON 


M. Am. Soo. C. E 


“hydrological, recreational, cultural, historical, and 
Physical—Settlement occurs principally upon the coastal plain, 1 000 
“miles in extent, , lying between the Pacific Ocean a1 and the base of the San 


i rise abruptly within a short distance to elevations of le 6 000 to 10 000 ft, 
their slopes covered with a ‘soil, easily eroded, which supports a 
heavy brush and timber. ‘This cover constitutes a serious fire hazard, and 
when destroped, heavy flood and débris flows result. Slopes of streams 
draining the ‘south side of the ‘range are steep, and available reservoir sites" 


are of small capacity, while the geologic structure of the range affords every 


unsatisfactory foundation conditions. About half way between the San 


> 


~ 


4 


- Gabriel Range and the ocean, and extending parallel to it, a series of low hill Is . 


= 


4 traverse the coastal plain, w with two | openings, through which “pass” the Los 


Angeles | and San Gabriel Rivers. _ Three large ground- -water basins—the San 
Gabriel Valley, San Fernando alley, and the coastal -_plain—supplied 
percolation of streams draining the mountains, form valuable sources of water 


Meteorological.— —Mean precipitation, concentrated principally in the period 

from December to March, inclusive, increases from 10 to 12 in. near the 

ocean to 20 to. 25 in. at the base of the mountains, and to 35: in, ‘and more at 


their crest, with annual variations « of of from 4 40% to 250% of the mean, ~~ 


cyclic fluctuations extending over long periods. 


Norg.—The paper by E. Courtlandt Eaton, M. Am. Soc. C. E., was published 
September, 1935, Proceedings. Discussion on this paper has appeared in Proceedings, as 

follows: November, 1935, by Messrs. Arthur G. Pickett, and R. W. Davenport; December, 

1935, by C. S. Jarvis, M. Am. Soc. C. E.; February. 1936, by Messrs. Harry F. mnecy, 
Ww. - _ and J. B. Lippincott; and March, 1936, by Messrs. E. I. Kotok and C. a 

Cons. Engr., Los Angeles, Calif. 


Te Received by tne Secretary March 6, 1936. 
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| May, 19 +1986 — AND CONTROL PROBLEMS 

The long dry Season extending from the spring until “the beginning of 

i with low humidity which continues for weeks at a time, creates a con- 

dition in the brush and tree cover which makes it very susceptible to fire. 
Hydrological —Damaging floods county- -wide extent have 


singly, or in. ‘groups, at intervals of about twenty- -five years. ears. Unit r rates of | 


-off from such floods are high, 


a Recreational.—Proximity of the x mountainous areas to the large popula- 
tion on the coastal plain invites use of the mountains for recreation, which, 
in turn, requires that they be made accessible. — This has been done through 
the construction of many trails and, recently, of automobile roads. This 
a enhanced accessibility has greatly increased the fire hazard with its threat y, 7 
removing protective brush cover, and many serious fires have occurred, 
which have further added to the flood run-off and erosion. Pees a 


—The population of the e coastal plain has increased from 500 


n 1916, when the last major flood occurred, to about 2 250 0.000 in n 1936, or 

+350 p per cent. Mr. Eaton’s estimate that only 8% of the present population 

has experienced or has a realization of major flood is evidence of the 

‘difficulty met | in obtaining public interest in the problem. Much settlement _ 

and development have taken place on areas subject to flood menace without an > 

d of menace either o on the part of the dev or of 


2 000 persons per sq ‘and high of land 
a many of such values occurring in areas subject to flood menace. a3 
 Historical—Local attention was focused upon flood- control problems fol 
towing the 1914 flood, the first to cause serious damage. Major floods. occur- 
ting previous to ‘that date, i in the 1880-90 ‘decade, although greater in magni- 


; tude than those of 1914 and 1916, caused far less damage because of the rela- 7 


tively small population and the lack of intensive development. — Following 
1914, a flood-control district was formed, embracing practically the entire 


: County south of the mountains. si The plan of flood control first adopted con-— | 


sisted primarily of channel rectifications and | improvement with little attention 
given to water conservation. A bond issue of 3 about $4 500000 was voted in 


The great increase in population occurring in 1920-30 decade | 


a conceived and prepared without and other 


data, was: devised for which a bond issue of $35 000 000 was voted. In this — 


plan conservation of water was emphasized, the bulk of expenditure being for : 
— dams in the mountains, foremost of which was was a gigantic . concrete 
dam in the San Gabriel C Canyon estimated to cost $25 000 000. Some of the 
smaller dams proposed in in this s plan were built. r The large dam in the San 
L epea Canyon was abandoned, due to poor foundation ‘conditions, | and plans 
for two smaller dams with much less storage capacity were substituted. With 
the a advent of a bountiful supply of water from the Colorado River, interest 
ine conservation of flood water has waned, and the present construction pro- 


gram, to nearly 000 000 and carried on by ‘the Corps of Engi- 
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projects within the | City of Los Angeles, ~The latter has a very serious storm- 


Teer 


BAKER (ON FLOOD AND “CONTROL PROBLEMS Discussions 

U.S . Army, the of a Federal grant, is again 
ted entirely toward channel rectification and improvement. * eT 

pe <p a ‘district tax u upon | land and improvements only. — ‘Since the assessed 
nid valuation of the City of Los Angeles, which is within the District, has ranged — 
from 60% to 10% of that of the entire District, the City has been i in the past 


‘cost st of the | program, , except that done under Federal grant. Except for | some 
channel improvement in the Los Angeles River and the Pacoima and Tujunga 
i Dams, the bulk of the money spent for construction ° work has been on struc- 


tures projects outside the city limits, although ‘under the present program 


a ee aid, _a considerable portion of the funds are allocated to 


raised by | local assessment. 


Political. —The Board of ‘Supervisors of | County acts as the 
legislative body r of the Los | Angeles County Flood Control District, and vari- 
ous other County officials Such as the Assessor, Tax Collector, | Auditor, 
County Counsel, also act - ri the District. The latter has its own « engineering 

ais personnel which, however, since the District is a separate political entity, i is 


not subject to County Civil Service regulations. _ This form of organization, 
originally proposed in the interest of economy, has 1 not been satisfactory, as 


= annual expenditures for ‘the storm drains, the 


County i issues, and ‘popular has und opportunity to 
itself on flood control alone. Ans | 


Proper control measures group themselves into the following: 
(1) Water-shed management, ‘including the preservation of existing: 


vegetal cover, renewal of destroyed cover, and prevention of erosion; rn 
Disposition « or conservation of flood waters (or both disposition and 
conservation), including construction | of regulation and ad storage reservoirs, 


spreading works, and flood channels; and, 


(8) Control of land utilization _flood-menaced_ areas including ‘the 
reservation | of land for reservoir and channel easements and the control of 


land utilization and a improvement in menaced areas. 


“A 


Peay, 


Recently, much excellent work has. been. accomplished by Federal and 

County forestry agencies in water-shed management. Motor roads to afford 

accessibility for fire- fighting have been constructed, and equipment and organi- a 

zation for such fighting have been provided. Work i is ‘progressing restora- 

- tion « of burnt-ov over areas and in prevention of erosion from bare re slopes. s. An 

a extensive program for collecting ‘basic hydrologic | data, lacking ai at the time 

‘previous plans” were made and ‘bond issues voted, been under way f for 

An attempt was made in ‘the: 1935 Session of the State Legislature to 

aa amend the Flood ood Control . Act, creating for th the Flood Control District a legis-_ 


lative: body separate the for 


— 
— 
— 
— 
— 
; 
| 
— | 
= 
— 
| 
— 
| 
— 
4 


May, 1936 BATON ON LEMS” 

ration ¢ and a adoption of a comprehensive plan of flood control 

any further construction work was done, and placing the personnel of the 

District’s staff under eivil service. Although such revision had the hearty 


support of all civic bodies interested in the political opposition in 
™ 


the pci features of the District’s activities as to the pon to os water 
which will be be developed by such features, and until this subject is settled — 


and a policy adopted governing the utilization of such water, a threat of 


> 
_ Nothing so far has been done toward the control of land utilization in 


flood- menaced it appear that, once such areas 


such and ‘regulation of the 
_sub- of land by the of the and of 


, conservation, 
land use, and considered and ordinated. such 


comprehensive plan has been developed and adopted and the opportunistic 
and ‘drifting policy which | has characterized past efforts to solve > the problem | 
has been abandoned, future occurrence of events which are related by the 
author of this paper may be _ 


- CouRTLANDT Eaton, 


o ‘provisions for quick access s to incipient fires and provisions for adequate 
q supplies of water to assist ~ fire fighters. _ The quantity of water required 


best insurance against the débris menace. in of economy are 


ne spray as protection men and the | humidity 
Ben found to be very effective. sf In line with the plan advanced by Mr. 
p Pickett, it has been proposed to build submerged and covered concrete tanks 
- in the mountains at accessible locations which | may be filled from rainfall, by 


: collector channels, or by adjacent paved areas, in readiness for the fighting 
possible fires during a ‘succeeding dry season. stated by Mr. Pickett, 
limited | appropriations have prevented fulfillment of these plans. 

sit measures for prevention and suppression fail, -débris: basins must be 
resorted to” as the last line of defense at costs: which may reach capital 
‘expenditures as great as $150 000 per sq. mile of. water- er-shed. 
Mr. Davenport mentions the accepted procedure, in determining annual 


un-off quantities, of considering run- n-off as a ‘Tesidual after 


= Received by April 25, 1986, 
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EATON ON FLOOD AND EROSION CONTROL PROBLEMS Disoussio ns 


fall and run-off, and are particularly applicable + to localities where rainfall is 
less flashy 1 in character and water- sheds are not so subject to physical changes 


as is the case in Los Angeles Courtty. 


eS Los Angeles County Weather and physical conditior is a given 
quantity of rainfall in in a season may "produce widely varying amounts of 


run-off, depending upon upon the intensities and the p previous condition of satura-— 
tion of the water- shed, and detail study of daily and hourly precipitation 1 must 2 


and 
be » made, In t the studies of Big Tujunga water- -shed the problem was mainly r 
ré 


—— of arriving at the regulating capacity required and the expected peak 
flows during the critical 4-day period rather than to » determine the seasonal 
run-off. ‘Table ‘5 therefore, is merely a general and preliminary study based 
_ upon na indices of seasonal wetness method and was used as a guide in the 
- gelection of a critical season for detailed analysis. Iti is possible that the total 


run-off for that season, un under normal wa -water- -shed conditions, _ would be close to 


4 


run-o 
250000 acre-ft. However, there are historical records indicating that the 


water- xr-shed had not - fully recovered from a previous» fire so that the actual 


= 


M 

-off may have been even greater than that shown in Table Since all by 

q historical and rainfall records pointed to 1884 as the ‘year of major | ‘flood i ina - 

d, that year was selected for detailed analysis. _ i 

yr perio that year was selecte or etaile ana ysis. 

« details of the method used in computing the weak flows are too 

long for reproduction herein, but in brief the procedure included : a) The ow 

: planimeter, of sub-areas from a map similar ‘Fig. 

the ‘distance from the point of delivery the next succeeding point Cc 

down stream was measured and the channel slope ‘computed; (8) times 

concentration were determined for the sub-areas; and (4) a coefficient of run- f - 

off was selected for the average typical s soil oil and cover characteristics as deter- 4 q 4 


_ The flow was then computed from the rational expression, Q = Cc I A, 


in which Q@= = run-off in cubic feet per second; C = coefficient of run-off; 
= average intensity of during 1 the time conpentention of the: 


The between the in the maximum 4- day flood. puted 
was derived from co-related ‘studies of the San Gabriel River water-shed on - 
which there are considerably longer rainfall and run- -off records than on the vt 


dh Mr. J arvis ‘states that the cor conditions in Los Angeles County are extreme 
and that the County has a combination of physical features and high | property 
values not t commonly m met elsewhere. The writer agrees. Nevertheless, similar 
erosion problems to a lesser degree exist elsewhere in. the West although, 
‘fortunately, high concentration of population and property values do not 


yet lie within the paths of débris 


Mr. ‘Blaney mentions the excellent experimental work» done by Mr. 


Mitchelson, of the Bureau of Agricultural Engineering, from which much 
‘ 
valuable information has been obtained. ‘The relatively high rates of perco- 

lation Mr. Mitchelson compared with those of | the writer in 
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‘ -Mitchelson’s experiments. - The percolation rates given by the writer are in 
| oe main those during receding : flood-flow periods when the water was cloudy. 
Were it possible, i in spreading operations, to count upon handling a reasonably 
clear stream flow the “basin” ‘method of. spreading could be used at a con- _ 
_ siderable saving in land costs and spreading ) works, Under conditions where 


the water carries considerable suspended matter, the ditch system, 


” Mr. Rowe infers | that the coincidence of a heavy rain following a fire is 


‘remote. writer cannot agree. A ‘storm of high intensity, coming any 
a time within a 3-yr, or more, regrowth period after a fire will cause a débris 


b - flow; in fact, a second high- -intensity storm within that period may produce f 
3 even a greater débris: flow than occurred with the first storm due to the pre- 
viously loosened water- shed _ condition. 2 Mr. Rowe mentions check bau as a 


the canyons immediately following the débris not support his theory. 


Mr. Rowe also attributes a portion of the débris fi flow in Haines Canyon débris 


basin to the operation ofa gravel pit which formed the > nucleous | of the afore 


mentioned basin. 


of the water-shed ie trace the s sources s of débris, nor by the analyses a débris 7 


in the basin , much ‘of which consisted of earth and top-soil originating from 


Mr. Lippincott mentions one of the difficulties under which the Los Angeles 
County Flood Control District has: labored. Although there are the 


 District’s files wal on file as public records, many complete reports containing 
z engineering data, legal restrictions have prevented the financing of 


their reproduction for general distribution and a lack of general imnontodie 
other than that contained in the daily press has resulted. 


Mr. Lippincott mentions the publication ofa “Rainfall and Runoff Report, 


Seasons 1932-33 and (1933-34. fairness to previous administrations 
many data “were obtained extending back almost as far as the 
fasniten of the District and complete rainfall- -run- -off reports in the a 


“mentioned form, have been issued each year since 1927. 


Lippincott draws comparison in Table 15 between wad four dams 


aa of all dams b 
from $35 to $1 300 per acre-ft. The average is to shout 13 cents: 
per cu yd of débris capacity. 
Undoubtedly, dams, even at the highest cost mentioned, are More econom- 
ical than | débris basins. _ However, dam sites: are limited a and the débris ool 
takes its place where no adequate dam sites are available, 
Incidentally, considering flood control and conservation features, a 4 
aia of cost per acre- -foot of storage capacity alone is not indicative of flood- ; 
regulating values, since the reservoirs may regulate in a single season amounts © 
; three to to four times their nominal storage capacity and the conservation or 
, hold-ove -over storage: features are present in the underground basins fed by the 


regulated flows 
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‘EATON ON FLOOD A 
Messrs. Kotok and Kraebel have mentioned the work being done - under 
% Ss direction by the California Forest a and Range Experiment Station of ol 


ie Fig. 15 shows graphically the ‘difficulty in ‘estimating débris from 
the high-v -water mark, A, ‘and taking the cross- section, C, after the recession 

of the flood. The section at the time of maximum flow might be at any | place 
_ Mr. Baker mentions the ‘difficulty in obtaining public on in flood- 

protection problems. Fundamentally, the Flood-Control Act itself is respon- 
_ sible. Under the Act, the 1 members of the County Board of Supervisors, only 
a fraction of whose time can be given to flood-control ‘matters, , act as directors 
without: additional salary for that service Furthermore, the Act provides 
‘that the County Counsel, County , Auditor, and County Purchasing ‘Agent act 
in their several capacities for the District without additional compensation 
for this service. E Each of these report directly to the Board of Supervisors. 7 
Thus, there is no semblance of centralized -eontrol or responsibility. This 
conjunction with the failure to finance, legally, the general 
dissemination of reports and information, or the lack of legal authority | to 

finance bureau has placed the ina defensive 


Incidentally, a Comprehensive Plan Report was issued by the District in 
+1981, attention to menaced areas and outlining protective 
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TAPERED ‘STRUCTURAL MEMBERS: 


AN -ANALYTICAL TREATMENT 
Discussion 
By MESSRS. W. DUNHAM, FANG-YIN TSAL, 


A. EREMIN, AND AUSTIN H. REEVES 
W. Dunnam,” M. Am. Soc. C. E. (by letter) method of analysis 
set forth in this paper s should | be useful as a means of checking design — » 7 
“calculations for certain - special structures after th the sections and stresses have > 
been. determined by other simple and approximate | methods. However, there i is 
“one point or feature which is touched upon a almost too ) lightly ; namely, the 
bee — One of the most common uses of the tapered section is in rigid frames ond 
the location of the working lines may cause ¢ considerable variation in the © 
results of the analysis. s. It: may be advantageous, for the e authors to give more 
emphasis to this matter and to include i in their method the necessary | data to 
"serve as a guide of sufficient accuracy so that the possible error which may 
be introduced, due to incorrect working Ii lines » shall ‘not exceed that w! which 
would result from the use of more simple methods of analysis. 
j ms a In one rather extreme case of rigid frames, the stresses resulting from eo 
= use of a working line through the center of gravity of the center section varied 9 
more th fr by king line th — 
more than 10% rom those computed y using a ‘wor ing line through the © 2 
-— center er of gravity of the haunch. Of course, this error works i in opposite direc- 


tions as far as the stresses at the crown and haunch are ‘concerned, but, 3 — 


— ~, 


a of the tendency toward a partial aay action which i is not included in 4 ae 
+ the formulas given in the paper, but which should ast be omitted in the caleu- «a 
NOTE. paper by Walter Weiskopf and w. -Pickworth, Assoc. Members, 
. Am. Soc. C. E., was published in October, 1935, Proceedings. — Discussion on this paper 
sz appeared in Proceedings, as follows: February, 1936, by Messrs. Fred L. Plummer, 7 
LeRoy W. Clark; , 2nd March, 1 1936, Messrs. G. Paulet, J. ‘Charles 
and Halvard W. Birkeland. 
8 Asst. Engr., Design Div., Port of New ‘York Authority, New York, N. | 
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TAPERED STRUCTURAL 


“lations. Furthermore, assuming a portal-like member supported by 


mate I-curve for actual that the various constants can be 
Several sets of such 
for of the various 
method proposed by Hardy Cross, M. A “Am. Soe. ©. To those 
who prefer - to solve the problem by formulas, this paper may be of value. 
In 1 the aforementioned formulas, the authors have introduced ‘the 
constants, Ps, F. ete., without assigning to any physical meaning. 
, the has stated ‘that, 


to analyze, by: any structure with a 
moment. varying in any manner, five independent constants or 
coefficients must be known (three beam coefficients and two load coefficients) — 
for every span of the structure considered as a simply supported beam; and 
these five coefficients may be wee in various ways to suit — 


method of of anal ysis. 


m 


the other a brief golden of the latter with 
regard to their characteristics and adaptability to certain methods | of analysis 


will be necessary. Among the various prevailing s systems of « expressing these 
beam and load constants, the following are the most outstanding: (1) The 


method of angle changes; (2) the method of moment areas; (3) ‘application 
Ruppel’s constants; (4) application of Strassner’s constants; and (5) appli- 


-eation of constants in the Cross method. 
~— )- —Angle Changes. —The system of expressing the constants in terms 


of angle changes was first introduced apparently, by German authors and was 
Ernst Suter™ and A. . Strassner™ in developing their methods of 
analysis. Considering the beam, LR, in Fig. 29, as simply supported and 
subjected to any loading, the following, angle Set: = angle 
change due to the given loading (see Fig. 22(6)); = angle change due to 

@ moment of unity applied at at the same end as” (see Fig. | 22(c) cand 


‘Fig. 22(d)); and [B= angle ¢ change at either end of a beam due to. a | moment 
oft unity applied at the other end (see Fig. 22(c) and Fig. 22(d)). The s ub- 


L and R, denote: left end and right end, respectively. = 

)—Moment Areas considering LR (Fig. 99) as simply 


bead 
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g = abscissa ‘ratio of the centroid of Ao of 


the diagram due to a moment of unity applied at the designated end (the — 

e 


nd indicated by the subse ripts, ‘L or R); and u and v vo = = abscissa ratios, of 
the tentroid of A; and As from Ends and respectively. 


Fidler’s 
Characteristic Points, 


(8)-—Cons stants in Ruppel’s Tables” .—The tables introduced by Walter 
Ru ppel, Assoc. M. Am. Soe. were converted and also extended from 
- Strassner ’s tables” * for use in the graphical method of fixed points or conju- 
points developed by T. Cc Fidler™, A. Ostenfeld®, and L. H. H. Nishkian 
and D. B. Steinman® Mendon, Am. Soe. «©. E. In these tables are found 
the beam constants or coefficients, p, q, u, and v, and the load coefficients, 
_sandt, The constants, u and v, are identical with those of the » moment areas 
mentioned. The physical 1 meaning of the « constants, v, 8, and t, 
is shown in Fig. 23. is Again, only five of the six constants are independent, — 


since the following relationship is always valid: 
> 
Transactions, Am. Soc. C. E., Vol. 90 (1927), pp. 167— 
| Minutes of Proceedings, Inst. C. E., London, Vol. 74 (1883), p. 196. 7 
 ™*“Teknisk Statik’? (in Danish), Vol. II, Copenhagen, 1925, p pp. 83- 142, 
Transactions, Am. See. E., 90 (1927), pp. 1-48. 
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—Constante in Strassner’s Tables*—The beam constants”, 
and the load constants, and are presented in 
tables. An important feature of Gh eee is that, for a uniform load over 
the full length of a symmetrical double- tapered member of any shape, the load © 


constants, , pe and ot, § are always equal to unity. Hence, for the given case, | 


tables are needed for those two constants. 
—Constants mn Cross” Method of Moment Distribution—In | 
the method of moment distribution developed by | Professor | Cross®, the f follow- 
ing constants for « every span of * continuous structure ‘must xt be first deter- 
mined: Orn = the factor required to carry over the moment at End L, to 
_ End R. i ™ = the factor required to carry 0 over the moment at End R, 
4 to End L. F The sign for Cyr and Cp, will be considered here as. positive) ; 
8S x the stiffness factor when a moment is applied at End L with End k ined. 


factor is in accordance with Professor Cross’ definition "That given by the 
‘len in Equation | (61) 0 or Equation (62) is equal to — , which corresponds 
to ~ for beams of omateh moment of inertia. Similarly, the modified stiff- 


4 ness given the au uthors’ i in Equation (110) or Equation is equal 


‘fixed. : ‘Again, only fi five of the six constants are independent since the following 


the following modified constants are worthy of ‘note: = the 


simply” supported ; and = = the fixed- mement at End L due to rs 
given loading, with the other end simply supported. ~The . following r relations | 
can be found easily : 


4 


4 4 There are no such notations in Strassner’s tables (“Neuere -Methoden zur Statik re 
Rahmentriigwerke und der BElistischen Bogentriiger’, Vol. 1, pp. 101-112), and they are J 
_ introduced by the writer, indicating that they are the functions of a,;, og, 8, 8, and ft. | 
Similar tables are also found in “Die Methode der Ernst Suter, Pp. 413-419. 


#3 Transactions, Am. Soc, Cc. E., ve. 
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TABLE 3.—Conversion oF BEAM AND Loap ConsTANTS IN THE Various SystemMs* a 


Angle changes | Moment areas} Ruppel | - Strassmer ab. Cross 


Cur Cen) 


ET 6zr 6 
a 


Sp Ce) 


Cer) 


+B) 

Wr 
E (a; + ap) (ep+tq) 
=. 


An | 


t. | Cubic feet 


| 


— B® | pl(l—u—») | da, — 
SEI og, 

qgi(i—u—») | Tg, — t Hp) 


— B | A, 
BO) Aglo—ul 


* Signs for the various quantities in the table are disregarded ; lkip =1 000lbn 


— 
get. | 4 
| 
ot 
ds 
| 
— 
9) 
j * — 
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“five systems are re presented in Table’ in all the quantities 
same horizontal ond are Tod to one another and the additional notation 


and tables, the ‘load for each load ‘must be computed sepa- 


“rately and used with the proper summation if there are several loads on the 


span); and K = a factor to be used in connection with Stressner’s tables only. 


| for concentrated load and K = 4 for uniform load over ‘the full span 
By means of this ‘conversion ‘table (Table 8), constants of 


& system may be computed | easily when those of any one system are * 


iP = the five systems of expressing ing the « constants, each has its own m especial 
_ adaptability, to a particular method of analysis, That the angle _ changes and 
Strassner’s constants are especially adapted to Suter’s and Strassner’s methods 
_ and tl that t Ruppel’s « constants are especially computed for the graphical method 
of fixed or conjugate ‘points have already been indicated. Elsewhere® 


writer has used the angle changes i in developing the general form of the the three- 
moment equation, resulting in an exceedingly simple: formula as as follows 


+ Gis) Ms + Me = 


developing the gen- 


The same constants aon also been used by the writer in 


deflection ‘equations* as follows: 
on — — pa s)). (176) 


[or Oe + BO. — (a, 


‘The constants of areas have been used by A W. ‘M. Am. Soe 
e slope- deflection equations ; F. Hickerson®, 


* “Cross’ Constants for Members with Varying Moment of Inertia”, by yang: Yin Teal 

and Tseng-I Yang, J Journal, ‘Tsing Hua Civ. Eng. China, No. 2, July, 1931 

“Theorem of Three- Moment in General Form” , by ‘Fang- Yin “Tsai, |The Science Repts., 
_ National Tsing Hua Univ., Peiping, China, Series "A, Vol. I, pp. Edin 36, ‘April, 1923 (in 

_ “Generalized Graphical Analysis of Restrained and Beams”, Fang- 

Yin Tsai, Journal, Tsing Hua Civ. Eng. Soc., Peiping, China, No. 3, May, 1932 (in English). 


Soe “Slope- Deflection Equations for the Analysis of Rigid Frames with Varying Moment 
of Inertia”, by Fang-Yin Tsai, The Science Repts., National Tsing Hua Univ., Peiping, 
ae China, Series A, ‘Vol. II, pp. 75-81, July, 1933. ~ Similar equations have also been obtained 
by L. T. Evans, Assoc. M. Am. Soc. C. E., Journal, Am. Concrete Inst., October, 1931, 
109; see, also, “Handbook of Rigid Frame Edwards 
Brothers, Ine., Ann Arbor, Mich., 1934, 


— 
— ber, in feet‘; ZH = modulus of elasticity, in kips per square foot; 1 = span > 
— 
— 
¥ 
6 
— 
— 
al 
al 
a eralized graphical analysis of restrained and continuous beams“ and the slope- 
a 
= 
ga 
— 
— 
- 
Ri 
cs”, by T. Hickerson, The Univ. of North Carolina Press, 24 


- Stewart” , M. Am. Soe. C. E., in his paper entitled “Analysis | of Continuous 
 Structur res by Traversing the Elastic Curves.” Besides: their imperative use 


in the method of moment distribution, Professor Cross’ constants have been 
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4 


“used by E. B. Russell” in his method of restraining stiffness, and ‘may be ch 
also used i in writing the slope: -deflection equations, as follows: 


+ Oe — (+ Orn) 78) 


The comparison 


previously are presented i in Table 4, in which the. value A is” 
- computed by the authors’ Equation (7). _ This factor, A + 1, is introduced — 
“because, for reference of computation, the writer and others have all used — 
- the ‘minimum n moment of inertia, I’, or Io, whereas the authors have us used the 
maximum moment of inertia, in which is equal to I, (A + 1), or I’ (A + +1). 
Tables 3 and 4 not only facilitate the application of the authors’ formulas to hy 
any method ‘of analysis, but also furnish a es view of the relation 
between all the constants of the various systems, 
Of t the aforementioned systems, that of angle changes is perhaps the most 
fundamental and elegant inasmuch as such changes not only possess a definite 7 
physical meaning, but they also ‘Tepresent, directly, the predominant. deforma- 
on the basis « of which of the methods 


gives 


“Analysis of Continuous Frames — of Restraining Stiffness”, by E. B. 


Russell, San Francisco, Second Edition 1934. Tables for the constants, Sr 


’ > Cre, 
, computed from Ruppel’s tables may il be found in —™ book, PP. 


| 


— 

4 
ws 
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structures (particularly in the case of reinforced. concrete, in view of 
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be ingly simple rest results, as in the case of the theorem 


by ‘Equation (175). From Table 4, it is seen that the authors’ ‘F-constants: 
are similar and proportional to those angle changes, and the former may be 
considered as the coefficients for the latter. Angie’ changes are, perhaps, 
‘most easily computed by the method of nt a areas, applied | either graphi- 
eally, as shown by Ernst Suter™, 

G. E. Large", Assoc. M. Am. Soc. C. E. 


The authors’ method is inherently approximate, since it ‘requires 

_ replacement of the e actual / I-curve by a substitute J-curve, , and ‘the latter ean 7@ 
rarely fit the former exactly, especially when ‘the actual I-curve is very 
“irregular, | or has some abrupt changes, | as illustrated by the authors’ Fig. 1. 


Although close approximation is not objectionable i in the analysis of continu- , 


cation of the authors’ rs’ formulas: for computing the F-constants requires ; much 
more labor than the n moment-area method. ‘It is regrettable that they have 

not given a numerical example to indicate how approximate the results of 

their method are and how much labor their computations ‘require. For this 
ose, the writer has solved the numerical example given by Professor 
La arge” 4 (Mr. Tsun-Kuai | Liu has computed the various constants). ‘Using the 


‘results: Professor Large’ computations, the following constants 
the moment- are derived (see Fig. 25): 89. 15 x 45, 


_ the many other | uncertain and even untrue assumptions involved), the ‘appli- 


‘kip-ft?; 9.12 2x = 2.736 ft 


. and w 0.464. (The reason for using the 
‘multiplier, 3, in the computation for A, is explained by Professor La: Large. 
The denominator, 10, is | necessary since Professor Large used an end moment 
of 10 instead of unity, which is the value used | by the writer in defining a 4 


A, and A»). By ‘Equation (167), As aon = 3.669 ft*; or, al 
using Professor Large’s results, Ap = 12. 27 x — = 3. 681 ft~. Both values’ 
of A» are in close agreement. However, in order to check all the _™ 
exactly, the 1 value, 3. 669, will be used for An in all the computations. — For 
the 6 purpose « of illustrating and comparing 2 all the beam ‘and load constants 
of the various systems, they have been computed f for the same example in 


accordance with Table 3 and are arranged for comparison in Table | 5. All 

the results in this. table are cross- cross-checked by computing them with 6- “place = = 

logarithm tables: toa precision of at least four figures, which, 


“Bulletin No. 66, Ohio State Uniy., Columbus, Ohio, November, 1982, p. 14. similar 


“Die Methode der Festpunkte”’, pp. 77-80. 
bu 


t slightly different treatment by the same author is also found in Transactions, Am. a 


a. ot three moments presented iii 
— 
| 
an 
— 
7 
| 
_ | 
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(o=0. 
= The ‘Actual 


| The Authors’ Substitute . 
(A=9.77, n= 1.41, B=3.42, m=0.64) 


(6) COMPARISON OF THE AUTHORS’ SUBSTITUTE /-CURVE WITH THE ACTUAL LOURVE 4 
18 ft(r=0.6) — sl= 0.4) a 


The Writer's Substitute I Curve 
(A= +0.071, p =—0. 
All of Tin 


fie bodied 


COMPARISON OF THE WRITER'S SUBSTITUTE he 


— 


the authors’ method and referring to ‘We. 25(b) : By E Equation (7), 4 


§.77; by Equation (8), 6. 1. 41; 
~ og 2: = 


_ x26 _ = 3. and, | by Equation | (1), 
m= an 3.42 x 3.6 = 0.64, 


"TABLE 5. 5.—Tue Vawues or ALL Constants OF THE ‘Various Systems 


FOR THE Bram SHown IN Fig. 25(a) 


‘Moment areas | Ruppel__ _| Cross 


g, = 1:470 radians 27s 2371 a, =0.3812 | 0.5291 


Ag = 8.669 ft 0.6: 1.2581 me 
464 Sp = 0.7689 E kip-ft 
+ Mp, = 27.26 kip-ft 
0.2801 = 52.55 kip-tt 
[2703800 
S',, = 0.6819 E kip-ft 
S’p = 0.4167 E kip- ft 
M’ 72.75 kip-ft 
M’ pa = 66.97 kip-ft_ 
Check: 


With the foregoing four constants known, authors? F- constants an nd 
Professor Cross’ constants are computed by "their ‘emnet” onl approximate 


formulas. | The same constants are also computed from Professor Large’ Ss 
results in _ accordance with Ta Tables 3 and 4. . All the values are arranged in 


Table | 6, in which the percentages of the errors in the values of the authors’ 
P formulas i in comparison with those by the moment-area method are also shown. 
~ Since the results of Professor Large’s computations are sufficiently a accurate 
checked them, at least partly, by 1 models), the authors’ “exact” 
formulas yield errors as great as 12% and their approximate formulas yield 
errors great as 50% To even for this quite ordinary case. As far as the 
writer’ experience is concerned , the application of the authors’ lengthy 
rt formulas involving fractional exponents requires considerably more time and 7 
is also more susceptible. to errors than the moment-area method applied either 
graphically or by numerical summation. “f In view of the foregoing comparison, _ 
it is very doubtful whether the authors’ method will replace the moment- area 
‘method and find favor among practising engineers. In fact, since the design . 


of continuous: structures usually requires a long cut-and-try process 


stated by the authors under the heading “Approximate Solution’ it s seems" 


q 
— 
> 
q 
a 
— 
| — 
| 
— 
4 — 
— 
&g 
: 
wm 
— 
| 
: = — 


= 


_ the writer that there is vere no ‘reason why, ordinarily, a designer 


should not design his tapered members in accordance with i those prevailing 
(straight, parabolic, and sharply curved tapers), for which many sets 
of very comprehensive tables and charts are now available, in order to save 


the en enormous amount of labor v which would be “required if he chooses to do 


TABLE 6.—Compa RISON OF TH E VALUES OF BY 
Moment Areas AND BY THE AvurHors’ Meruop 
(= 9.77; B= 342;n = 141; andm= 064) 


Moment- 


mate 
_mate | No. | ‘error 
Ps pe 21240 2.355 1.552 | (113) | —30.7 


or C 0.5201 | 0.4935 | 0.6219 $17.5 
Or Cay 0.8657 (0.8554 0.7702 63) -11.0 
Sy, in feet? ...... 0.3145 | 0.2972 0.3576 $13.7 
‘4 Sy, in feet*...... 0.1715 0.2888 
or My, in 26 30.49 26.80 (42) |- 1.7 

Mpg, or Mz, in kip-feet .. 62.55 46.53 50.56 | 2.9 


Fic. 25(b) it is seen that the authors’ substitute J-curve falls short 
quite considerably in i comparison with the actual I- "curve at Section 9. Since 


a the I-value end of a a 


_ substitute I-curve for the left half of the beam had eae made to pass deh 
the actual J-curve at Section 9 (in which case, = lt =6 5; and 
= 1.075) instead of Section 8. However, th this i is done, the substitute. 
- ¥ alent the right of Section 9 would be much too large, and the fitting 
of the substitute I-curve would also require a few trials. For: this reason, the 
_ writer has tried to find | some other equation for the substitute I-curve which 


will fit the actual J-cu curve better than that the authors’, and obtained the 


* 


gy, 


a 


oa 


4 


fe 

| 

— 

— | 

| 

— 

— 

| 

— 

2 the fixed-end moments computed by the authors’ “exact” formulas may be 

te 

rae 
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Equations (180) to. (183) correspond, respectively, to authors’ ‘Equa- 
tions | ©, &), (11), with the variable 


oN 


90 

7 


0.101. 


on 


The writer’s substitute J-curve, together with the ac actual. I-e -curve, is wy 
in ‘Fig. 25(c), from which i it is seen that the fit is much better r than that : 
‘shown in Fig. 25(b), particularly. at the left half “where the curves almost 
7 coincide. ' The writer hopes that the authors will investig ate the possibility of 
using the foregoing equations in their method. 


position of the working line shown i in the authors’ Fig. a8 


the moments*. indicated in 12, the authors have “assumed the con-— 
dition of Fig. 26(b) for considering the I-values of beams, which is also 
agreement with German writers™™; but the condition ‘shown in n Fig. 
As s also. very” reasonable and may the actual 
particularly when — the width h of columns is - ‘considerable. Fa For considering 
Bi ny T-values of columns, the conditions shown in Fig. 26(d) and Fig. 26(e) 
have usually been assumed, in which case the following angle changes may 4 


\ ie * “Analysis of Continuous Frames by the Method of Restraining Stiffness”, by B. B. 
‘San Francisco, ‘Edition, 1904, Dp. 45. 


0 159° 4 il 
> 

spectively, and that the values of and may be either positive or negative 
Within certain limits. Applying Equations (181) and (183) to the foregoing a es 
and, 
ince 
ater 

4 
y be ma 
— 
ugh — 
and — ever, a study should also be made of the condition at the intersections OL = =~ me 
tute — 
hich 
— 
the 
180) 
a 
181) 
a 
4 — 
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(186) 


Axis 


With the foregoing value known, Professor Cross’ ‘stiffness and carry- -over 


may readily be computed. To make sure of the assumed conditions 

sees the i values and the working lines, experimental investigations with 


nodels i in this direction will be of. great value. 


ir 


actually does, ‘inasmuch the term , “structural members” as co 


ndertood, includes. such members under the action of flexure, 
tension, or torsion, or any ¢ combination of them. Actually, the 


‘such members under the action of flexure only, and, therefore, it would be 


x RS re more appropriate » and also more precise if the word, ‘ “structural”, i in the > title 


— 
= 
a 
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in this ‘paper. - ‘With the equations developed by the authors, a complete analyti- 
cal analysis of perfectly rigid frames can be made. re a 


The computations | of the coefficients, F, may be simplified, as follows: —_ 
general integral expression of the elastic coefficients of ee members is: 
7 


In the most com- 


Substitute (1) in Equation follows: 


Integrating and simplifying, Equation (188) 
2 
Lp t+) 


Fro: rom m Equation (1 a 89), ‘the values of R 


jure ses (194) 


— 

| — 
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Therefore, from ‘Equations (33), (190), (191), and, (192): 


- (196) 


Equation (189) is convenient in computing the loading coefi- 
a cients, with bending moments in which the power er of x is is the highest, as in 
Computation of the coefficients for tapered members may be further simpli- 
- by means of Strassner’s tables”, in which the elastic properties * mem- 
bers with variable sections are by moment 
in similar to those in this paper. 


n (1) for the ‘moment 


Assume that N and that f= 
inertia of a ‘member becomes the same as introduced by 


"stresses i in indeterminate frames. ‘The authors made a ‘valuable 
contribution to the 


. (by letter). *_The great 
worth of this paper is Bsa more conclusively with each increment of study. 
types of frameworks ‘containing — 


which the writer knew to be ‘correct. The accuracy 

of the results of the analytical treatment was thus established. Nevertheless, 
_ a further and much more exhaustive study was : made, which produced an ever- 
increasing respect for the ‘authors’ treatment of the subject. example, 
ae e writer solved the problem s shown i in in Fig. 27, § a beam with a lateral width — 


of 12 in. 


“Der Durchlaufende Rahmen”, by A. Strassner. 
Received by | the. Secretary April 20, 1936. 


— 
— 
— » Wit 
— 
and 
— 
| 
sub: 
a 
are: 
bee: 
100) 
= The formulas developed by MESSTs. weiss d Pickworth suggest the 
— 
— 
‘sele 
th 
ithe 
4 | om 
i Ate the method of fixed-end moment distribution, it was with a critical (if not, a _ Sho 
antagonistic) state of mind that the writer approached the paper. (‘This 
7 ie condition was caused by a casual glance disclosing plenty of calculus. ; oo 
However was he ns 
i 
— 
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— Within an additional 5 > min it was ; decided that a an accurate enough value of - 
would be 1. 1; that is, ‘since e = 4.9 ft; = 4411 in; I, = 46656 in. 4 
| and Ig = 1728 in.‘, A is found | by Equation (7) to be 26. Then, i it is a 


matter of simple substitution : in in Equation (8) to determine that | n = 11. 


It is impossible to have more than one correct for n. n Ac correct 
substitute: -I-curve cannot run through any arbitrarily selected point because 

it must satisf. the f followin two conditions® 


(a) The area of the actual J-curve must be maintained selecting 

0b) The distance from the left support to the center of gravity of this 

area. ‘must be the same for the substitute J-curve as for the actual curve 

because it controls the size of the carry-over factor, whereas oe: area controls. 


It is incorrect to run a substitute J-curve, successively, through a number - 

of points selected arbitrarily by measurements from the left support. 
course, such procedure would give to n a different value for each point — 

p: paper is 80 excellent that the writer hesitates to make suggestions. 
However, ‘emphasis should be laid upon the fact that | el and Ie should be | 

; selected correctly first (using Conditions (a) and (b) as criteria), and then 
the correct value of n can be computed by Equation (8) of the p paper. : 
ew: conclusion, the writer wishes to express his admiration for the thorough 


manner in which so complicated a subject has ‘been presented. paper 
‘should be used stecsase verter in the future as its full import becomes appreciated. ; 


E., Vol. 90 (1927), p. 90. 
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Landing has deteriorated during the past 
fifty odd years, 


MERICAN SOCIETY CIVIL ENGINEERS 


Founded November 5, 1852. 


DISCUSSIONS 


weer OF DIVERSION ON THE MISSISSIPPI 


ND ATCHAFALAYA RIVERS 


WwW. LANE, 


. W. Lang,” M. C. E. letter) *__Briefly stated the author's 


ou 
1) That the e discharge capacity of the Mississippi ‘River below Red 


‘That this deterioration has resulted a deposit of silt in this 


stretch which has 1 reduced the channel area. 
(8) That no corresponding deterioration has occurred in the channel 
capacity above Red River Landing. 


That the below Red River Landing occurred due t to the 


er. 


as the author contends, a reduction has in the discharge capa- 

ty of the Mississippi River below Red River Landing i in the 50 yr following 
1882, of about % 7 ft for a a discharge of 1100000 sec-ft (which i is 3 equivalent to 
a reduction in n discharge of about 250000 cu ft per sec), it is a matter of ‘ 
major importance in connection with the flood control of the Mississippi 


River. Should this continue in the > future, continuous con: construction will be 


at 


é “necessary to prevent a progressive decrease in the degree of flood protection | 


given by any system of works which does. not remove the cause. 
at The ‘method used by the author to prove this contention is sound, although 


; 80! far as the writer knows it has not heretofore been used extensively, if at all, 


Notre.—The paper by E. F. Salisbury, M. Am. Soc. C. EB ., was published in November, 


a 1985, Proceedings. Discussion on the paper has appeared in Proceedings, as Sotlows: 


_ April, 1936, by Leo M. Odom, Assoc. M. Am. Soc. C. aes 


As 18 Prof. of Hydr. Eng., State Univ. of Iowa, Iowa City, lows. 
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to check his ‘results the writer investigated the effect i 


, % _ used by the author. All current meter eneceneiente, , available to ‘the writer, 


7 between 1 1 150 000 and 750 000 cu ft 


were adjusted to the nearest 3 
100 000 by using the discharge in- > 
crement corresponding to that dis- 


charge, in manner similar to a2} 
that used by the author. All 

Measurements that might have 


been affected by ‘crevasses have been 
eliminated, except in 1882. Since 


stages used in this year are 
little, if any, above the bank 


(6) 1000000 CU 
INCREMENT, 33000 


level, the effect of crevasses on dis- 
~The results of these studies j 
ot shown | on Fig. 3 in which the 
stages” are plotted against 300000 CU FT PER SEG | 
respective years for each of the Bas | | | 
four discharges. The solid line 4 
mean of the adjusted s ages in 


adjusted stage: and the upper 
dotted ine joins the points | giving 


the highest adjusted stage. Above 
each set of points is given the 

number of observations on which 

P the points were based. For each 


n discharge a mean line has been 3 

drawn showing the general trend. 
each case the trend is un 
ppi 


mistakably ly upward, the s slope mag- 


Year 
bio nitude increasing somewhat with “Fic. 3 
on 
the discharge. This increase 


stage for a given discharge i is also indicated by plotting the discharge 1 measure- : 
near River against stage, which is Just another way ay of 


In Fig. 4 are discharge curves 1880 and 1930— 
points taken from the ‘mean lines of Fig. at those years—for 


~ 


na 
= — per sec have been used. Ihe stages (a) L100000CUFTPERSEC; | { 
INCREMENT, 35000 | [AL — 
GU FT PER SEC 
| 

=> 
44 | |_| 

| 
— 
x 
— 
— 
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| 

74 - These curves have been extended by dotted 
lines to sero at Gulf (Elevation — 3.57 on the gauge) to indi- 
“cate ‘approximately the difference at other discharges. A. comparison of these 
curves indicates very strongly 

that a reduction of the discharge 

capacity has’ The curves 

a of discharge 

at a 40-ft stage, 

of about 250 000 eu ft per sec. 

The evidence presented by the 


author that the n maximum "stages 


at Red Ri 


ge 


tending» to increase ‘is 
evidence pointing to deterioration, 


but is not so definite as s the evidence 


— in Hundred Cu Ft per Sec based Upon discharge, the 


VES FOR maximum stage reached in high- 

the levees, as the author s states under “Conclusions.” However, 
since the e great flood y years rs are. few / in number, the « effect of the increas- 
ing strength of levees would probably be small. The value of 1 3 ft found by 
this method is not exactly | comparable to ) the 6.9 ft found by the hydraulic | 

. = method, since, assuming a uniform rate of deterioration, the 7.3- -ft rise would | 


occur between the middle of the first and the: middle of of the last period 


‘deposit silt. It. A “general form of equation the 


capacity of a river is: 


A reduction i in capacity can result from a decrease in one or more of the 
elements, Cc, A, , R, or 8S. For the Mississippi River below Red River Landing 

; sit can scarcely be due to a decrease in the slope, 8, since the river discharges. 
a constant elevation into » the Gulf of Mexico, and, for a given stage at 

a Red River Landing, the average slope through this section of the river must — 
be constant, both the fall and the length remaining the s same, Small local or 
temporary « changes of slope occur, but these changes tend to re- e-adjust. them- 
selves since the average slope cannot change. ‘seems improbable that 
ae change in capacity could have resulted from a change i in the value of C, the 
factor. Except for the negligible increase in roughness, which no 

— doubt oceurred a as a result of the construction of wharves and other works of 

ap Man, no reason is apparent to cause a permanent change of roughness in this | 
section of of the river, and so far as known, no one has ever suggested that one 
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as changes “efficiency” however, do occur, The writer be believes that these 
changes are to a greater extent due to y changes in roughness than to ‘deposits 
of silt, since the silt load of the river is insufficient to ¢ cause enough deposit 


to the decreases in “efficiency” as ‘rapidly | as they occur, It is prob- 
able that the change of roughness is due to the formation and obliteration of 
sand v waves, which can take place in a short time. _ ‘These changes of rough- 
- however, are temporary and tend to equalize over a period of years. +3 

large part of the space between the upper and lower dotted lines in Fig. 3 


and some of the variation of the average line, is no doubt due to this caus 
a inaccuracies of measurement erm in a part of this di difference. 


oie of a ined in R without a any eatin in A. This could result from 
‘material shallowing of the ‘Tiver without a change in area 


of a minor + change in have occurred, ‘since no 
—_ widening has. taken place, it seems safe to conclude that no appreci- 


as it may have oceurred a as a result of 2 a “decrease in n the channel at area. ‘' wed 


in the area, A, and a “corresponding decrease in the hydraulic 


The stage-discharge curves Fig. 4 indicate that the ‘increase in 
is different for each discharge. _ This shows that the amount of the filling 


of the bed cannot be be determined by taking the difference in the s stages at eo 
ends of the period for. any given discharge since the result obtained would 
- depend upon the discharge ‘selected. It should be possible, from the dimen- 


sions of the « channel, and 1 the slope : at the beginning of the period, to compute 
n proportion to the 


distance from the Gulf) would 1 cause deterioration indicated, but 


it cannot be determined from the s stage ‘differences alone. 


a The third contention—that no material deterioration has occurred above 


Old 1 River—seems well established, since it is supported not only by the dis- ; 


charge 1 measurements but. also by the measurement of great numbers of er cross- 


Sections, which show a small increase in area. - Because of the variation that 7 


may occur at any one ¢ cross- -section in ‘the river (due to the passage of a sand 
wave or from a number of other causes) rea reasoning regarding the action of the 


‘river bed based upon a few measurements at one -cross- -section, or in a a ‘stretch 
of ons, while t useful a as s evidence, i is not very conclusive. a For this rea reason too 


- the hon of cross- “section at Red River ‘Landing during the high waters of 1929 
and 1932; nor to the ; measurements : of the areas at the two ends of the 
Pointe ‘a le diversion. However, arguments are based “upon 
hundreds of cross- section ‘measurements scattered a stretch of river 
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and, to a lesser extent, on many measurements at a given iting: spread over 
a long period of t time, they should carry considerable weight. Py See) ee 
Re: The fourth contention (that the deposit below Old River was vas caused by the 
. | diversion. of water from the Mississippi at all stages through Old River, in 
_ conformity with the hypothesis of Guglielmini), is likely to provoke consid- 

erable discussion. Probably engineering controversy has continued 

long and resulted so inconclusively as that dealing with the Guglielmini 

hypothesis and its application to the Mississippi. River. As early as 
this is hypothesis was used as an argument against spillways for flood control. 7 

4 

“— was strenuously combatted by Humphreys. and Abbot, as a result of their 
4 studies, and strongly supported by Eads, who applied it with great success to 7 


ae F the deepening of the South Pass at the mouth of the ‘Mississippi by jetties 
a in the > years: 1875 to 1879. - Largely as a result o of this success, the hypothesis 
oy was adopted by the Mississippi River Commission : asa basic principle; but as 

; a practical means of flood control it proved nearly a - complete failure. Never- 
theless, it — a strong influence on the policy of the Mississippi River 

~ Commission until the 1927 flood and - was a considerable obstacle in the path 
of flood control by spillways until it was forced into the background by the | 


strength of the ‘sentiment for spillways which developed : as a result of that 


flood. With the author’s paper it has come to the fore ay again. is greatly 

to be hoped that the truth or fallacy and the bearing of it may be estab- 

lished, as the uncertainty has been a serious obstacle in the w: way of establishing ; 

sound flood-control policy for this great river. 


aa ‘Personally, the writer is now y inclined to accept the Guglielmini hypothesis, 
although at. one time he w "skeptical of it because of the difficulty 
(which has since been removed) of -Teconciling the apparently conflicting 
evidence when » applying it to the Mississippi ‘River. — — Of course, the wording 
a of the Seventeenth Century does not fit in with the - modern | More exact con- 

ceptions, but should be remembered that no such accurate conceptions 
existed at that time. Moreover, part of the inexact expression 1 may been 

caused by inapt “translation. Perhaps the greatest argument against the 
hypothesis, as far as the ‘indoles River is concerned, is its apparent failure + 


when applied by the Mississippi River Commission to flood protection. By 


plotting a mean relation of the silt oad 


occurred had no levees: been built, ‘and again these same floods under con-. 


ditions confinement actually produced by levees, it ean be shown that the 


small enlargement which has place i in the river all that ‘the 
mini hypothesis would indicate, 
The error” of the members of ‘the “original: nal Mississippi River Commis- 


sion, therefore, was not i in believing in the Guglielmini hypothesis, but 
not using the data available to them and applying the hypothesis quantita-— 
i tively to their ‘problem. — It is believed that an application of the foregoing 

> method to the conditions in the relatively short stretch at the mouth of the 
river covered by jetties (where | the action went on for 365 days per yr) would s 


- ghow that it should succeed in that case v when it failed in the case of flo od 


. Ba eontrol. A similar application + to the reduction of flow in in the Mis Mississippi 
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below Red River Landing, due to the _— discharge down the Atchafalaya, 


would throw 7 valuable light on the ac action of the river in that stretch. 


ep 


Another argument against the Guglielmini hypothesis is that used by 
= Humphreys and Abbot based on the fact that they found no exact relation — 

between the ‘discharge and the silt load of the river. Reeent studies” have 
shown this i is not t necessarily a of the ‘The writer believes 


= 


tion as hee as it goes, although | of | course > many 1y other factors 1 may enter to 7 
prevent its working out in special cases. The hypothesis is incomplete, i in 
_ that it does not consider the variation of the solids load as a factor, and | to 
4 make accurate prediction this factor also must be added. Yee 
_ Independent, however, of the soundness of the Guglielmini- hypothesis, 
if silting is Red River Landing and above that 
point, it is logical to expect” the cause of this silting to be something operat- 


case would seem to 


the part a the flow « of the Red River the 
now. only a very small part of it reaches the river. This diversion to Pa 
“Atchafalaya of the greater part of f the flow of the Red River may have a 

greater effect. or on “the Mississippi channel below Red River Landing than the 
flow that passes out of the Mississippi _ through Old River. | Judging from 
the size of the trees said to be growing around these yo and the damage that 

- followed the removal of the raft, 

the Atchafalaya had been ‘small many therefore, that the 

- greater part of the Red River flow had passed down the Mississippi. Ina a long 


of time Mississippi would | have adjusted | ‘itself to 


when it was practically , discontinued as a result of the . enlargement of the 


| Atcatalga, the effect would be much the same as if that quantity of water 


passes down the In this problem the the solids 
load of the Red River is a factor and would have to be considered to arrive 
_ ‘silting up. > of the | river might take place during a series of dry years, 
ae this would be expected t to occur along th the length of f the stream not ot just 
in one part. However, the bottom of the river in the section = 


) 
og 
— 
— 
2 § ox the applicability of the Guglielmini hypothesis to thi 7 i 
be the difficulty of explaining the apparent decrease of capacit y below Old 7 
y | —— through Old River, however, is not the only phenomenon that — a 
- [ might cause the deposition below that point, according to the hypothesis of oy 
— 
7 
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n the action of the Guglielmini hypothesis on the Mississippi below Red River _ an, E, 
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River. is sea tint and the flow section would not 
| decrease with decreased flow as rapidly as. in sections of the river farther 
ups stream. This would g give rise to relatively lower velocities below Old River = 
in low- flow periods, and hence more tendency to silt. | Whatever the cause of 
the: decreasing capacity, it seems to have been acting fairly continuously 
throughout the past fifty years, and if it is due to a long- continued drought 
we it would be : necessary to have longer rainfall ‘records than are available to 
“prove it. Some light “might be cast on this ‘question by tree-ring studies 
they covered the entire drainage a area of the river. 
‘The au author’ s proof of his fifth contention, that the slope of the Atchafalaya 
‘River has decreased i in agreement with the Guglielmini hypothesis, is not 
very complete. has shown ‘that the Atchafalaya enlarged ‘materially 
on. in cross-section, that the bank elevations along the stream have become higher, 
= he has given data tending to prove that a discharge o of 300 000 eu ft per sec 
oul at substantially. the same stage from 1890 to o date. Since the area’ 
was increased and the discharge remained the same, the velocity has been 
"reduced, and he concluded, therefore, that the slope. had been reduced enough 
to cause this decreased velocity. As previously stated, the general d — 
relation is V = cA V remains the same, the increase in area’ 


(and presumably the | consequent increase in ‘R) can be offset by a _ decrease 


in either, or both, C or S. , Although it seems ms improbable that the value of CO 


has: ‘changed in. the Mississippi is by x no means’ improbable in a river 


a, as actively as the Atchafalaya was during the period under consid- ‘ 


eration. The irregular cutting of the banks and bed which occurred ‘under 


“The upper section of the Atchafalaya River a 
slope and the lower section, which is composed largely of of shallow lakes, has" 
very flat ‘slope. The material scoured from the ‘upper end as as the river 
: _ enlarged, and a considerable part of the silt load brought into the upper end 
of the river, has been deposited i in the upper end of ‘the shallow lakes and has 
. a ‘delta. ‘This condition has caused a rise in the water level at this 
- point | and, to this extent, a decrease i in the slope of of the Atchafalaya. — u The : rise 
in level has been strikingly shown by the tendency o: of the water about 1926 : 
flow to the Mississippi through the Plaquemine Lock, whereas, formerly, it 
always tended to flow in the opposite direction. © It is probable, therefore, that 
there is some decrease i in slope of the upper end of the Atchafalaya, due to its: 
_ tendency to form a delta at the head of the lakes; but it seems doubtful 


4 whether this would be enough to offset the increase in both area and et 


radius which occurred as a result of the enlargement of the river bed. The 
la ate John Augustus p Past- President, Am. Soe. C. E., has shown” 
that the enlargement of the ‘Tiver: was due largely to the concentration of | 
that occurred as a result of the steep slopes where the water spread 


* Transactions, Am. Soc. Vol. LVIIT (1907), p. 
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ey out at the end of the leveed section on of the 1 river, and the ] progressive mo moving 

ey of this high- -velocity section as the levees were extended, It is probable 


that the decrease of slope which offsets the increased area is due largely to the 
| q extension of the confinement of the river by levees, which occurred during 


the period of river enlargement. ‘Immediately preceding Table 11 the author 
states that the increase in gauge height at Melville between 1892 and 1907 is 
“due to levee confinement. — An increase of stage at Melville, the level at the 


_ upper end of the river remaining the same, would result in a flatter slope. 


On the whole the author has presented a strong argument to support the 
contention that the discharge capacity y of the Old River 


writer “has earned “that different, apparently, equally ‘good, “Tines 
Bet proof sometimes lead to — opposite conclusions and, therefore, every 


eross- section survey similar to that m 1ade from 1893 to 1898. ‘The writer 
could find no published record of such since that date. This method 
and any other possible metho d of indicating the deterioration, should be 


Pepe so that its existence can be established or disproved as conclu- 
sively as possible. Other possible investigations that might throw light on 
this: subject are a of the frequency of the various stages below Old 
: River throughout the period of record and a comparison of the area below a 
certain, datum in the cross- -sections shown by the discharge measurements 
at Red River Landing. A comparison of f stage relations below Red River | 
‘ Landing, however, would probably not indicate the deterioration as s the sti ees 
at all points are likely to be changed proportionally. In this section of, the 
7 river, also, a comparison of of low- “water stages would not indicate ‘deterioration 
because of the e great depth « of the water, even at the lowest flows. path 
Assuming that the deterioration is proved conclusively, it would seer 
that serious thought should be given to Mr. Eads’ ‘proposal to place a dam 
“across: the upper end of the Atchafalaya and force the ordinary flow of the . 
Red River | down the Mississippi. . The | dam should be provided with gates — 


which could be opened during floods to make available the discharge capacity 


“another Ie stream be required to take care 


Z...; the deterioration is due t to the working o out of the Guglielmini a 


esis, any increase in the diversion down 1 the Atchafalaya River at bod 


{ 


| ms flows would increase the rate of deterioration and thus offset a part, 
or all, of the benefit from the increased diversion. Of course, it would | be 
possible to increase the Atchafalaya “capacity fast enough to keep ahead of 
the deterioration, but in. ‘the p resent state of the knowledge of such action 
it would be a race with an uncertain outcome. 
x? The Guglielmini hypothesis. has been used so often as an. argument against 
flood control spillways that ¢ an for the hypothesis might errone- 
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ously be e considered to be an argument against spillways. The 1 writer believes 
ty that much of the argument against flood-relief spillways based or n the Gugliel- 
mini hypothesis has not considered the entire situation. When the first 
 flood-control works were built on on the Mississippi, the river had carved for 
_ itself a channel of a size which was a result of the action of a great variety 
of conditions in the past decades and probably did not change materially 
over a period « of years. The construction 0 of levees tended to confine the water 
and has caused an enlargement t of the river channel. This enlargement i is so 
much smaller than the proponents of the confinement theory expected that 
it has not been seriously considered, but it is all that the theory indicates 
should take place. flood-relief spillway will cause some deposit the 
river down stream | from it, but here, again, the amount will probably be much 
smaller than the « opponents spillways anticipate. Since these spillways 
“will operate only for short periods with considerable intervals between (during 


which ween the channel will often carry increased flows to the confine- 


fast as the river up ‘stream from it, ee there would pdriehs not be a decrease 
in section. That the result would be a net enlargement is indicated by the 


inerease in section area that has occurred in Red River 


The three effects, enlargement due to atti by levees, di deposit below 


‘pendently of each other. “Whether the river ‘fills or ‘depends « on n the 
‘relative magnitude of the effects. Above Old River the enlargement due to 


confinement has been greater the deposit. resulting from crevasses. 
a 
Below Old River the effect. of the diversion and subtraction of tributaries, 


plus the deposits caused by crevasses, seems to have been en greeter then the 


- 


of ‘the bed and "suspended load of its 
At taries, i it ‘should soon be ‘possible to make definite ‘quantitative predictions 

it 
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dee to diversion them, sad deposit due constant diver- 
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— take care of the deposit caused by the spillway. Of course, the river below ‘bie 
ae o the spillway will not enlarge as rapidly as it would if no spillway was present, | hn J 
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R E. E. Bauvester,” Eso. able 1 of the paper shows a wide 
“variation in n values of C and n for Equation (1) applied to non- silting oad 
| n-scouring: velocities. The formula proposed by the writer (Curve No. 10, 
in] Fig. 1 and Table 1), namely, Vo = ss 1. 01 a“, in English units, has a uae 
“exponent, n, than the other formulas. The writer wishes to present some 


which | it was obeerved. (Rio Negro, Argentina). ost 

In a 2 stretch o of 10 km (6.2 miles) of the main chant -P the irrigation 
system, of 2.00-m (6.6-ft) depth, 32.75- m (107.4-ft) bottom width, 45 
per sec (1 589 cu ft per sec) of discharge, ‘it was observed in (1926 that the 
mean velocity” was not "sufficient to prevent silting and 


Vo = 14 01 or, in ‘metric units, Vite 


"The ‘channel. ‘silted “gradually and, in 1933, writer the 
velocity in the channel be - increased by widening the ‘notched fall openings at 
the end of a 10-km stretch, that was s causing so some back- water. : The — 7 
was followed in 1934 and in 1936, after two years, the silting : action has disap- — 
peared i in the last 2 km (4 miles) of ¢ ) ean velocity arrived 7 
is ‘somewhat higher than would be necessary, because some scour has ¢ occurred a a 


along the bottom of the channel, ‘the slopes being unaffected. _ The eg 


Y Notr.—The paper by E. W. Lane, M. Am. Soc. C. E., was published in — 
1985, Proceedings. Discussion on this paper has appeared in Proceedings, as Soltows: 
February, 1936, by R. C. Johnson, M. Am. Soc. C. E.; and April, 1936, by ‘Messrs. E. S. 
Lindley, J. ¢. Stevens, C. R. Pettis, Harry F. Blaney, and Sigurd Eliassen. over 


Prof, Applied Hydraulics, Univ. Buenos Aires, Buenos Aires, Argentine 
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_ “Velocidades y Coeficientes de Aspereza para el CAlculo de Canales en el Rio Negro”, | 


Contribuciones al Hstudio de Las Ciencias y Vol. 
rt. 5, p. 435, Buenos Aires, 1927. 
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together with the Kennedy and Rio Negro If the K — ¢ 

had been used is certain would have scoured 

Velocity, V, , in Meters per 


d, in Feet 


e Mean Velocities in the Channel 
Which Silting Took Place: 
4 Mean Velocities in the Channel 
after Widening of Notched Fall 


Depth, 


V,, in Feet per 


|: 


ine The channel cross-section now shows a tendency to scour along. the bottom La 
‘ a semi-elliptical form. The bed-width-depth ratio of 16 for i st 
this cross-section is too high for this particular location. In alluvial valleys | i 
the soil is far from homogeneous, and there are re great. changes: in the quality. 
of soil, which are difficult t to establish from the general topographical survey - 
men 
precedes the design and alignment of the channel. 

Regarding the composition of soil in the channel o of the Rio Negro § System, ne 


i the data in Table 6 may be of interest for comparison with other channels. 
TABLE 6. or Bottom Son. IN THE Maw CHANNEL OF THE 


contents | Percentage Percentage Percentage 
all Sieve No. 100 | Sieve No. 200 Sieve No. 200 


18 {0.20 m below water} 19.4 67.0% 7 
16 |0.20 m below water| 22.2 90.0% 

Bottom of channel} 4.6 36.7T 
212. 6 | Bottom of channel | 2.0 24. 2t 


4 


Samples of soil forming the channel bed (not silt) 


i oe Of course, there are many variables that combine to stabilize the , shape of 


channel and some of them do not depend on soil condition, In the 
Rio lly ‘there are favorable conditions tending to minimize 


“spring (November), are some e small floods, but the are ordered 
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explain the wide the critical velocity in ‘Vie. and 
GERALD Lacey,” Zsq. (by letter) —Congratulations are due the author 


y on his very able le discussion o: of the various theories of silt transport | extant 
. when his ] paper was prepared. 2 Engineers in India will immediately | be » struck 
by the very different conditions obtaining in Colorado and the great alluvial 


_ plains of India. The problem of ‘regime flow is, in general, ‘much simpler | in 
| India than on the Colorado River. Kennedy postulated for his channels that 


_ they should be. flowing in their own self-silted beds and within self-silted side 


slopes; ; effectively they were regarded a: as flowing in an unlimited | alluvial 
plain of the same silt pate as that transported. Recently, the writer has 


deve eloped, on the same lines, “a general bg of flow applicable ‘to channels — 


‘is no opportunity of a of the 
material transported, other 1 factors will: come into play. In certain circum- 
sti 


In canal tion within a a boundary of silt 


nels carrying 
toms. This condition i is where the channels are in ‘ “out” and ‘the : 
wetted perimeter is s less than the | discharge ¢ can demand, or both. All recent 
_ observations have shown that when the channel is in ‘ “sl” (that is, formed 
artificially constructed embankment) and the wetted perimeter assigned 
bis sufficiently large, the cross-se -section tends to become semi- -elliptical. rl Engi- 
‘neering practice favors the excavation of channels with horizontal bottoms, 
and for this reason many large channels with bottoms of stiff clay, or material 
more tenacious: than the silt transported, preserve their horizontal beds to. 
~ some extent. It ms may be e easier for a limited depth of bed silt to slip and slide 
“over a tenacious sub-stratum, than for the tenacious material to be picked — 
up in the e center. ' The « difference between a scouring velocity and a a ‘silting 
velocity may be great. In _ certain embanked channels in India, v with a b 4 
tom above ground level no attempt, from motives 3 of | economy, was made to 
oT raise the bed itself by “filling.” It was anticipated that the defect would be 
prvcnet in time by silt deposits. It is t om channels that now present the 


characteristic semi- -elliptical cross-section. The Kheri Branch o the Sarda 


21 Superintending Engr., Irrig. Secretariat, Lucknow, U. P., India. 
Received by the Secretary February 20, 1936. 
_ 2 “Uniform Flow in Alluvial Rivers and Canals”, Gerald Lacey, Ainutes of 
Proceedings, Inst. C. E., Paper No. 4893. 
 % “The Transportation of Débris by Running W ater”, wi G. K. Gilbert, Professional 
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| _ closed during the peak of the flood (not more than a day), because the trouble $$ (ii 
caused by delaying the delivery of water to the 130 000 acres in the System is 
less than would be caused by a continuous silting of the distribution system. 
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Canal in its” —_ — ee was excavated in fine sand that was almost | inco- 
herent. These reaches now present a curved cross-section in many instances 
Professor Lane to the fact that on the Imperial ‘Valley 
canals the non- -silting velocity _is considerably greater than the writer’s 
formulas” would indicate. The fine heavy ‘silt charge demands a velocity 
the same order as that demanded by a smaller charge of coarse silt in ‘India. 


+ 0 


- Equation (8) “quoted by Professor Lane « can apply only in ‘the ‘ease of a 


_ regime charge. It was advanced by the writer as “a very rough qualitative 
3 formula for the diameter ‘in inches of the predominant type of silt | trans- 


= 


4 
of natural streams | in om d, shingle, or boulders, rather than as a basis of 
a design. ' The silt factor is s proportional to Vy and it is is this ratio which is 
ae Git ratio which 1S 


required before channels can be designed. Mere measurement of the size 
of the particle without observations « of the local velocity required to transport 
charge is of little assistance. The silt charge in the Colorado River 
appears to be of great importance and abnormal 1 as compared with conditions 
in India. a. The writer also feels that there are certain elements of flume trac: 
tion that cannot be entirely dissociated from channel behavior on some, at 
least, of the Colorado canals. th channels with flume traction there i is 


limit to the surcharge that can a be forced down provided slope is — 


i the | surcharge i is pve down, and ed river moves to : a a flank and alin up a a 


tal _ The remark by Professor Lane that the eget of a stream to transport 


silt in suspension is probably proportional its” “turbulence” and to the 
iar expended, is illuminating. _ According to Gilbert the prime mode é 


; rather than suspension, and the difference 
flume traction and a heavy the neces: 


is susceptible of definition, and the _ 


< 


locality. ratio, is ‘intimately connected with the energy “concept. 


Professor Lane has comprehensive list of factors entering into 
A, bend behavior, but the writer feels that it is preferable to write them down > 


dimensioned | The ‘Buckingham theory™ summarizes very con-— 


ae __*“On Physically Similar Systems; Illustration of Use of Dimensional Equations”. 
by E. Buckingham, Physical Review, Vol. IV, Series 2, pp. 345-376, 1914; also, “Model 
and the Form of Empiricai Equations”, Buckingham, Transactions, 


M. E., Vol. 37, pp. 263-296. 
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veniently modern practice in | dimensional analysis. Briefly, the method 


consists of writing down all the known independent dimensioned variables, 7 
and determining dimensionless arguments therefrom. These arguments 
then correlated by ordinary statistical methods. Results obtained in such a 
manner have the. merit of dimensional homogeneity. Mere dimensional homo- 
geneity, however, does not denote accuracy, and a poor degree of correlation 
“may reveal 1 that other important variables } remain to to be sought. | ut 

the number of independent variables is a, the number of dimensionless 
arguments is equal to a-3. Dealing with the independent variables historically, | 
Chezy selected, effectively, four independent variables which | left him with 


(equal to dimensionless arguments for which it “remained only t 
ascertain: the numerical, value. Thus, — = ‘the Chezy number, in which, 


in addition to o the notation of the paper, i = energy gradient; R= hydraulic 
~ Experience showed | that not only was the Chezy number a function of the 
roughness, but it was also a function of R and possibly, as Kutter thought, of s. 


: An essential variable had been « omitted. Attention is: drawn to the manner rin 
_ which the ratio, —, enters the Chezy number, a number that must survive 


with the addition of other dimensionless arguments as knowledge increases. — 
ar: Osborne Reynolds added, as a fifth variable, the v viscosity of water. . This — 


added another the classic Reynolds number ; thus: 


in which v is of water, — is dimensionless 
_ Reynolds ‘number. it will be observed that the acceleration due to gravity, 
enter as independent variable in Osborne > Reynolds’ r¢ relation. 
The boundaries 


Int 1930, the v writer suggested that the rugosity, or hydraulic Toughness, 


of the r regime » alluvial stream bed was implicit i in the ‘slope and the hydraulic 

_ mean depth which they assumed. In open channels, g enters as an independent 
variable. ‘With the ‘addition of ‘this sixth variable a third dimensionless 

A “argument te evolved. This i is none other than the Froude number, — 


Attention is again to the manner in ratio, 


Froude number. 
—, and, therefore, as long as dimensional analysis i is used as an instrument 
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in hydraulic analysis: the ratio, —, must persist as § 


’ with dimensions, —, would 


appear to be as real a ro as kinematic viscosity with | dimensions, — (in 


which T = time). 

writer™ has how these dimensioned can be fitted | 


to “empirical relationships defined by him. Thus, substituting for the energy 
‘gradient in terms of the geometrical slope, density, the acceleration due 


Tf the silt factor i: is tre treated as being proportional tex — -, Equation ( (22) may 
a be: solved and will prove the basis of all the writer’s formulas other than those 


ore the discharge, thus leaving the silt factor in the ratio form, 


Ve gi vt RS; ; and this relationship i is true for : any regime channel in 
alluvium whether fine sand, coarse sand, shingle, 0 r boulders. 
The very low power of the kinematic viscosity should 1 be noted and the com- 
plete disappearance « of the “silt factor’ ’, which is ‘inherent in the dimensions 


The formula may be re-cast in the form, Ve gh yt R bes. RS, from which 


it follows if an equation of the Chezy t; type is required, Vv a grt f- Ri 


assumed | by the chai channel. 


The Man ing — of ‘becomes and the rugosity coefficient, n, is 


ne cohen of the wetted perimeter, P, as a variable ¢ gives the solu- 


from which P « Qi;and— « V. All the most 


‘recent work in India tends to confirm the expression, P « Qi, as fundamental. 


Since, by the writer’s s Equation P = 2.668 


, ‘This i is the writer’s fundamental sha pe formula, a ind it is most unfortunate 


that so dal the data presented in the past are incomplete in respect — 


P 
of ‘the ‘Thos, a diagram lo d against V 
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1936 LACEY ON STABLE C ANNELS IN ERODIBLE ‘MATERIAL 
wi he more thentnating than Professor Lane’s Fig. +2, in which he has 
‘used the diameter of the silt as a basis for. deriving the shape from the writer’s 
formulas instead 0: of ‘the is not clear from Lane’s ‘paper 
whether "or 1 not the ¥ writer’ 
a heavy 
same manner as coarse ft in a 


would be if Professor Lane would 


plot the ratio, — ' against V for all the Colorado River data. © ; 


Professor Lane states ‘that the velocity nia the bed should be su sufficient ; 
to move all the material ee into the canal and yet not bes so o high a as to: ; 


excess of velocity over that pe move. the yi material, 
which will attack the adie grade, depends upon the material of the sub- -grade. 
This concept ¢ clearly - involves conditions approximating x those of flume traction 
in which the transported material is pushed forward over a harder more 
coherent, and possibly coarser sub-grade. When these conditions obtain, a 
“horizontal bed is readily ‘understandable. maximum allowable velocity 
along the banks depends not only upon their material but also largely upon 
the shape factor. contours of equal velocity. (“isovels”) plotted in Fig. 
"proceeding from a eentral 1 nucleus of maximum velocity, show very clearly — 
what a channel would choose to be, as opposed to what Man makes it. The 
“ suggesti on of the semi-ellipse is. plainly discernible and also the cramping 
_ warpin g effect of the vertical sides, W ith a tough | sub- grade and a heavy sur- 
: ae nearly all the work on the perimeter is done on the bed and little on _ 
the sides. The bed would t then en be nearly hor horizontal and the sides vertical. — 
a If a channel is too narrow according to to Equation (24) it will “ick” at 


‘the sides and this is the main reason for bank erosion. if 


- the wetted perimeter is connect, but the bed as constructed i is horizontal, the ~ 
“velocity. nucleus” of the ‘isovel_ | diagram will shift about. With a channel 


is con- 
structed in material to that of the silt is a “natural 
channel flowing in its own alluvium (for example, any sandy river), the cen oa 
tral velocity will hammer the bed and curve it. Nature has nothing to all = 
to horizontal beds when a river is flowing i in a true alluvial plain. eis 
‘The writer is is of the opinion that a final solution of the problem of silt 
transport is to be found by investigation on the lines of dimensional analysis 7 
outlined by him. In Indie where the problem is simpler the writer’s solu- 
tion appears | to fit a great mass of data. In the Colorado River, where the _ 
silt charge is” excessive and there are many disturbing factors (notably = 


the merging | of stream flume traction), practical duton must 


“India, an an unlimited bed. of the sar same as silt transported being 
d. These « are the conditions governing all great rivers in tue 
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AMERICAN SOCIETY OF CIVIL ENGINEERS 


DISCUSSIONS | 


TRUSS DEFLECTIONS: 


‘THE PANEL DEFLECTION METHOD 


— 


A. W. FISCHER, AND L. E. GRINTER | 


FISCHER,” Esg. (by letter).**—In this paper “the author has added 


another menial for calculating the deflections of a truss by, ‘the analytical 
method, which is stated to solve “the problem « of truss deflections in a simpler 


direct manner 1 than ‘other analytical methods. To the > writer it” 
seems that there are several analytical ‘methods for trusses of a certain type, 


are. ‘simple as that of the author, which is based upon set formulas. 


One solution which is very simple for ‘computing the deflections of Warren 
trusses is the “method of elastic weights” ; ; another is the “geometric method” ; 
and still another (which i is : a very flexible method f for solving the vertical and 


horizontal of any shape truss) is the method od of ‘relative 


deflections” 


"i othe To determine the deflections of panel points in the _author’s ‘Example 1, 
mn - instance, relative to Member 5-6, assume the truss supported at Panel 
ps a _ Points 6 and 5 instead of at the left and right ends, being hinged at Point 6 


a ioe Table 12 gives the values of u for the members. te unit vertical | at 
various panel points. This table is not absolutely necessary, in the method 


ay of relative deflections, but is is presented for a better er understanding of certain 


itis Using Example 1 and» the ‘elongations given by Mr. Shoemaker it is 
easy to enter the values as given in Table 13 from which the ‘deflections 
be computed. All the values given in Table 13 are readily determined 


__ Norge.—The paper by Louis H. Shoemaker, M. Am. Soc. C. E., was published in 

é November. 1935, Proceedings. Discussion on this paper has appeared in Proceedings, as 

follows: January. 1936. by Messrs. David B. Hall, and E. Mirabelli; February, 1936. by 

_ Messrs. William Bertwell, and Robert H. Hurlbutt ; March, 1936, by Messrs. A. A. Ere- | 

min, T. P. Noe, Jr., David Molitor, and Glenn L. Enke; and Yin 
Tsai, Assoc. M. Am. Soe. C. _ 


Pennsylvania Sugar Co., ‘Philadelphia, Pa. 


Bsus %a Received by the Secretary March 11, 1936. _ aug 


«Stresses in _Statically Indeterminate Structures”, by Prof H. ™. ‘National — 
Hupeh, China, Second Edition, pp. 13 39. 
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TABLE or u* 


Vertican Loap at Panet PorstT 


6.8 


35.05 


 #* The stresses | in a all members due tou unit vertical loads at various panel points. i. A. 
4 


TABLE | 13. — UATION OF RELATIVE ‘VERTICAL DEFLECTIONS OF PANEL 


in inches 


t 


lz 
Ry 


Total vertical deflection 


Total vertical deflection 


from Point O 


Total vert 
from Poin 


=> 


{ 


—220.8 


| as —170. 3 | 3. 0.81 
| 170.3 | 2013.4 | ost 


+ 144 


| Fines 


+3000] 


357.2 848.5 —396.7 


*r=the lever arm of Member m-n about its center of moments, expressed in feet. : a Pa 
. @.= == Zgmn includes the summation of all the gmn- values of all the members having a moment eanter -" Panel Poin 


— 
| 
Points 
| | ® © | © 
Se | 6 | 2367.7 | 0.95 4 
i 
4 


tions « of a truss. Furthermore, of relative 
readily applied to a truss s bridge with inclined top and 
‘The. paper is based on analytical methods, but for solving the secondary 
stresses in a truss by the slope- -deflection method or by distributing: fixed-end 
-moments, the relative vertical and horizontal deflections are only ‘required. 
for the value of A for each member, A being the displacement, at | right 
haves 
angles” to the axis a the member of one end with respect ‘to the other - end, 
and to get these values of A the analytical method is not a as flexible as the 
simple Williot diagram. In the author’s closure it might be well for him 
- > demonstrate the calculation of the horizontal deflections for his Example 1 
and then show how he would calculate the values of A (that As, the displace-_ 
att ment at right angles to the axis of the member, of one end with respect to. 
the other end) and compare the time against that required | by using a Williot 


diagram, 
7 In conclusion, the writer will state that he sees no particular advantage 


using the “panel deflection” method for the Solution of cert tai in types of 


"trusses. There are. certai other” types in which the method is satisfactory, 
= as certain set formulas must be available for or use, it | loses it its simplicity — 


against other analytical ‘methods. 
(by letter). —The summation 
D0. jo tion 
‘process of deflection computation used in the study of truss 


ions of ‘the several “panels, rather than the individual contributions of, the 

F separate ‘members be added to obtain the deflection. | However, since the effect 

of each panel must be evaluated by considering the individual changes in = 

lengths of the separate members, it is evident that the amount of ‘computations 7 
involved in the two procedures must be be about the same, _ If the method pro- 

a posed by the author seems simpler than the procedure of summing, dlirectiy, 

the: effects of the individual members, it is merely because the standard text 
Br pa treatment of the latter method (clastic or angle weights) is unnecessarily 
umbersome. When the method of angle weights is reduced to its funda- 


mental conceptions, it will be found to be essentially the same as the caiuan . 


First, ‘the physical that deflection can be computed by summing 
oa “products | of angle changes and lever arms; and, second, the conjugate-beam 
ered only symmetrical structures with symmetrical loading; and, accordingly, 
; he has neglected consideration of the conjugate beam. Hence, his procedure 
ae for determining the deflection of a symmetrical truss is to find the ‘upward 
deflection of t the end ‘Telative: to a fixed center- vertical member or relative 
toa central- chord member. One notices at cone the to the 


conception which cares for the effect of dissymmetry. The author | has as consid-— 
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use of the Williot diagram for those cases which the ‘use of the Mohr 


the deflection of a point « of a beam of constant moment of inertia with _ 
ence to a tangent to the elastic curve of that beam, the sum is taken of the a 
"products of the angular change of every vertical its 
distance from the point”, he is referring | to relative and not to absolute B: . 
deflections. Tf this method of computing relative deflections is to be used © 
a to compute the maximum deflection of a beam that is unsymmetrically loaded, 
procedure illustrated by Fig. 22 becomes necessary. The defection, Ay 
obtained | as the statical moment 


from A to Bo 
EI 


the point, B, where the 


> 


a 


M_ ed 
deflection, exists. Then, (@) DIAGRAM 


value of 6 1 is A, divided by LI, , 
the span of the beam. The point 
| 


of maximum deflection, or r D, i is 


located such thet the : area of the 


‘Fic. 22.—CoMPUTATION OF THE MAXIMUM 

equal to Then, finally, the 

as As, the deflection of rr beam at A 


from a tangent ‘drawn to the elastic curve at D. isa 


- diagr: am 


‘The foregoing procedure, or a similar r one, would be involved in the use 
of the author’s method for the | study of an unsymmetrical truss. ; _ Evidently, 


= 
3 
& 
Fh 
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cumbersome for such trusses. The of dissymmetry by the use 


; oe elastic weights (which involves the conjugate beam) would be much more © 
satisfactory. The Williot- ‘Mohr diagram is a convenient method of 


In the selection of a 1 method for computing deflections, ‘one should make a 

distinction between those methods that | give s single deflection and those a 

give rise to the entire deflected load line. ‘The author’s procedure belongs 


nul 
to the » second classification : along with the method of elastic weights and the 


Williot- Mohr diagram.  Castigliano’s theorem and the method of virtual 
give a single “deflection for ¢ each separate computation. Hence, ‘the 
determination of a single deflection or the calculation of a reaction (indeter- | 
4 minate structure) for fixed | loads follows more simply by the use of t these tools. 


On the other hand, : a method that develops the entire elastic « curve (defle ected 
load line) is more satisfactory for the determination of an line 


the shape of the e deflected load line. = 


summarizing, ‘the writer feels that the panel- method is an 
interesting and useful conception that in practice should be limited 


_ field of symmetry. a It bears the same relation to the method of elas 
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DISCUSSIONS 


SEDIMENTATION IN QUIESCENT AND 


Yau 
Discussion de 
= 


Messrs. HARRY H. HATCH, Harry H. -MOsELEY, AND 


A 
GeorcE J. ‘SCHROEPFER 
‘Harry H. Haron,” M. Am. Soo. 300. 0. E E. (by letter) author should be 
commended for his efforts to derive equations will eliminate errors” 
in the application of the Hazen formulas: on sedimentation. Mr. Hazen 
"applied the behavior of one particle size to an 
“Obviously, this application can be justified only when the assumed val 
ean can satisfy the existing conditions. 


ue of 


discussing Hazen’s ‘Paper, “On Robert t Spurr 


M. Am. Soe. C. a: states: 

“My, Ha Hazen bases a large number of propositions on one value of t 6m 
would be interesting to substitute other values of ¢,—for instance, infinity. 


In the latter case, ¢ would be a quantity vastly caus: from those “men- 


Professor ‘Slade has attempted to d do this ont more. 

= would be interesting to ‘know the difference, if any, between “time of a 
settling”, “time of sedimentation”, and “time of subsidence”, as. used by the | 
author. 7 If they all mean the same, it would have been better for the sake of | x 
clearness to use only one of the expressions throughout the paper. =< Gee 
‘The plotting on logarithmic scale of observed data for Curve (2), ), Set 2, 
Fig. 8, did not result in a simple equation satisfying all the points. Had _ 
there been numerous observational data on the same material in suspension, ~. 
an a average , condition could have been assumed and expressed easily. If itis 
absolutely essential to to fit a curve that will pass through every observation AS 
point (or reasonably so), the graph o1 on the logarithmic scale could be —. 

up into sections, and a simple equation for each section within the limits a? 
be expressed. ‘However, plotting of the = 


urve passing prac- 


—The paper by J. "Made, was published in December, 1935 


Discussion on this paper has appeared in Proceedings, Februa 
1936, by Thomas R. Camp, M. Am. Soc. C. E. 


by the Secretary February 4, 1936. 
Pransactions, Am. Soc. C. B., Vol. (1904), p. 77. 
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the alue of 48% 


sludge i in n suspension at — of 10 oie, tile well on this curve; for which | 
point the author t had computed a percentage of 39.6 (see ‘Table 1(6)), or a 

variation of 174% from the observed value. 
— With respect to Fig. 9, the author states Ss: 


the | distribution function cannot be Sound the curve for 
“turbulent. sedimentation, so that wherever the writer has applied the general 
a Soe (81), it has been a matter of mere curve fitting. ee 


He then begins with the formidable E (31) and reduces ‘simply” 

to Equation (35), which is no less formidable ; and then | assumes certain 

unknown values and “by trial error, or by any other method of curve 

“fitting”, » arrives at Equation (36), which is - cumbersome and far from being 


simple for ‘The author further states, 


Tn a way, of | course, this curve- e-fitting procedure furnishes a a means of 
_ determining the distribution function (the B-values), but since the distribu- 
tion function is not what one usually wants, no importance should be attached — 


The gestion, therefore, i is ine: do all aver work 


0.156 

a turbidity i in parts per million, wit t = time, in hours. _ 

tion (46) will be near enough for all practical purposes. — Its graph will vary. 

slightly from that of Fi ig. 9 for values of t greater than 4 br. There is n no real 
justification, or no real « objection to the path of the curve on Fig. 9 beyond 

the fourth hour, where it appears does not decrease below 


_ The writer really fails to discern any particular advantage of all the work ae 


done by the author to obtain Equation (36), when a simple equation -answer- | 
ing the purpose could be obtained d readily. 


‘The settling time of a particle, ., practically speaking, depends on its velocity, 
and the e velocity, i in turn, depends upon the size of the particle. For the same 
sample - material the sedimentation and gradation curves bear a definite rela- 
tion. In fact, each depends on the other and one could be obtained from the 
other. No satisfactory general formula has been obtained for the distribution 
particle sizes _Tepresented by a gradation curve, because of the complex 
nature of the : material. It been found more practical to make the neces- 
number of tests, and plot. their graphs. These. test results are usually 
plotted on natural, semi- i-logarithmie, or logarithmic- probability scales, Often 
error in observation can be detected in the plotted graph. Logarithmic: 


ites _ It appears that, practically in all cases, without actual test runs, certain 
“terms « or factors of the equations proposed. by the author can not be obtained. 


numerous constants experi: 
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—* 


7 raped before ma ning any ee application of the theories developed in 


complicated equations. The writer questions whether direct ‘tests or 
‘simpler methods, similar to gradation curves, would not be more practical in ; 
every respect. However, the paper affords a good exercise in mathematics and a 


Equation (27) is an improvement over - Equation | (24), ‘Hazen’s second formula. 
‘Harry H. MoseELey,” Assoc. M. A. Soc. E. (by letter).“*—Much has 

been written about the design of ‘sedimentation tanks, but the correct design 


‘still remains an open question. _ Professor Slade’s wanes presents a a mathe- 
matical approach to this problem. has a relation 


formulas: 


of agitation of the fluid.” A 

Much experimentation and ‘work has done and many data 

been collected on the constants pertaining - to the characteristics of the sedi- 
“ment. _The it seems, may be raised | regarding the density of the 


= which depend on both ‘the of the sediment and the degree 


“There is a store of data the second set constants. Any 

- settling tank is a potential source. The information desired probably should ca 
include: The type of tank inlet and tank outlet; the length and the width 
of tanks; - poe depth or length- -depth ra ratio; the type of sediment-removal equip- 
ment; the type of operation of removal 1 equipment ; the baffling linear velocity 
and  Mobetien of flow of liquid (average and hettonn if possible) ; the direc- 
tion of flow; the characteristics of solids i in the liquid; and th the e results obtained | 


by y the tank. It is appreciated that many of these data n may seem to be super- 
-fluous, but they all have a bearing on the results obtained from a basin. 7 In 
many respects, the third set of constants, ‘may be absorbed by t the first two - 
“sets. However, in in the design of grit chambers, or like structures, this set of 
constants would have an effect on the solution of the problem, 
‘ Much of the information pertaining » to settling 1 tanks in sewage treatment 
works ha has been | obtained by the use of the Imhoff cone. _ Under which classifi- — 
ts cation would the author place - these data? Would it be quiescent, the same as 
vertical cylinder, ‘incomplete turbulence, or complete turbulence? 
available data i in many cases will have to be used in the dchinatinetion of the 


Slade s states that ‘ ‘at a depth greater On a Fie. 6, ‘the 


42 Asst. Engr., George B. Gascoigne, M. Am. Soc. Cc. E., Cons. San. Engr., Cleveland, 

: «Received by the Secretary y February 19, 1936. Pity 
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values ranging to a sediment of constant 


“ sidence characteristics it is possible after time, a, to have that part of ie 


basin below or (a Um = When the hydraulic sibsidence charac- 
_ teristics are constant) of the | same density as the original, throughout “the 
basin. Theoretically, all particles of the same hydraulic subsidence character- 
istics are subsiding ‘at the same rate; hence the absence of ‘any flocculating — 
; action of the sediment. However, in a basin filled with sediment of variable 
hydraulic subsidence characteristics there is a floceulating action or the 
natural combination suspended particles into larger aggregates. ‘Gen 
larger aggregates” also have hydraulic subsiding characteristics which are 
greater than the original particles and, ‘eénsequently, settle more rapidly. 
=< Therefore, as soon as settling i is started in this basin | a Portion of the liquid 
have density of ‘solids greater than that throughout the 


flocculating action, a2 course density of the 
— solids increases, even though the hydraulic subsidence characteristics 


possibility of the ‘suspended solids combining 

ith each other as they start thereby making larger aggregates. For 
example, a a settling tank having a detention period of A 5 br will, remove 
roughly | 60% o of f the suspended solids from a Taw sewage of 400 ppm, , whereas 


it will ren remove ‘apy roximately 45% from one containing only 100 ppm. It is 


very” doubtful whether this increase in hydraulic subsidence characteristics. 
of some of the suspended solids i is great « enough to account for § an increase of 
third in the. ‘efficiency of the tank. increase can be accounted for 
better by the flocculating action of the suspended solids in the tank. it seems 
that the statement made at the end of the paragraph on “Stratification of 
Sediment”, previously referred to, i is true mathematically, but due to the 

flocculating action of the solids, the actual it t only as a a limit. 
The two examples presented | by the author based on interpretation 
of the e original data substantiate his theory in a marked degree. — ‘However, it ‘ 


: will req ‘require agreement in many actual field” tests to 1 prove his ‘theory fully. 
is hoped that Professor Slade’s will further her stimulate re: research i 


Grorce J. ScHROEPFER,” Jun. Am. E. te letter). admirable 
- attempt to set up, , by means of equations and formulas, tome of the factors” 

or ieee sedimentation of ‘solids, is contained in this paper. In view of the 

4 tance of sedimentation in water purification and sewage treatment, and — 
impor e of se a n er p CE ge 

- in the separation and classification of ores and chemicals, , all investigations 

“"iee contribute to the fund of knowledge « on this subject are er to be 


88 Asst. Chf. Engr., Minneapolis-St. Paul San. Dist., St. Paul, Minn. asain -. 


hydraulic ‘subsidence characteristics than in 1 the one of 100 ppm; ; yet it is 7 
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Although this 
solids, many of the | principles. of sewage sedimentation - to which reference 
will be made, are equally applicable to the theory of sedimentation in general. : 
_ The writer is inclined to favor the evaluation and determination of various 
engineering phenomena by m means of formulas, but in the case of sedimenta- Pe 
tion, especially of sewage solids, the jarge number of influencing factors 
ane 
such a method of attack questionable when applied to an actual and 
E Several times in the course of the paper the author makes reference to a 
the application of his theory to sedimentation of sewage solids, Sewage i is an 
_ extremely variable material, changing in quantity and quality, and in vari- ad 
ous characteristics which affect its settleability hourly, daily, and seasonally. 
The results of of the application of a purely theoretical basis: of, analysis to a 
particular sewage ve under certain fixed or assumed conditions i is valueless and 
Se misleading when considered in terms of a varying material under vary- 
_ ing external influences. — A certain degree of control can be exercised over 


some of the variables, but in c case of others it is. ‘necessary to : accept the 
material as it exists, amenable to sedimentation, or otherwise. = a 


niga 
In considering sewage sedimentation, the writer groups the various influ 
encing factors under r four headings, as affected by: ; 
the liquid ; (b) characteristics of the solids; (c) desiiiieaidtien ‘of the design ; : 
and, (d) miscellaneous effects. 
(a). principal characteristics the. liquid, which affect the settle- 
ability of solids are its s specific gravity and | viscosity. Of the two, | it can be 
demonstrated that viscosity is tl the more important factor. ‘With a liquid, 
as water, the fluid characteristics, therefore, are closely affected by 
temperature. From study: of monthly average results at two large ‘plants: 
the writer has found : a close correlation between the reduction accomplished 
~ and the sewage temperature, The reduction in suspended solids at the two 
a _ plants closely y approximates a 0. 65% increase in reduction per degree Fahren- 
4 heit of temperature change; and in reduction of bio-chemical o oxygen demand, 
0.50% for every degree of f temperature change. These results closely -approxi- 
mate those expected. from purely theoretical considerations. 
‘Under characteristics of the solids can be included such as 
size, shape, specific gravity, concentration of particles, ‘natural flocculation, 
_ and artificial coagulation and coalescense. Sewage contains partic les varying © 
largely i in size, shape, and specific gravity. In In specific gravity alone particles 
vary from less then 1. 0 to 2.65, or more. As an example of the importance of 
this factor as affecting a purely theoretical consideration, the hydraulic sub-— 
p 
siding of a particle 0.50 mm in size and having a specific: gravity of 


a particle of the same size - 


_ Concentration of particles also plays an important part in the sedimenta- 


ion of ‘sewage solids, as evidenced by the fact that a study of | the data eol- — 
lected on the effect. of this factor indicates that, for a given detention period, 
5. _ a sewage containing 200 ppm of suspended solids will have its solids removal © 


increased approximately 80% when compared with the sewage containing 


> 


a specific of 2. 65. 
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ppm of suspended solids. Floceulation, coagulation, and coalescence 
variable effect depending upon local conditions. 
- (c) —Under characteristics of the design « can be included such factors as 
"detention period, linear velocity of flow, depth and ratio of length and depth, 
‘ inlet and outlet effects, shape of tank , bafling, and mechanism effects, a a 
The “first factor mentioned—namely, detention period— plays a very 
_ important part in the removal effected by a settling tank. The writer eo 
collected data from _more_ than forty settling- tank installations throughout 


data in the of 2 equation, « can stated in the following 


in R is the in ‘removal of suspended 


= conditions existing at that time. _ In view of the 

of the detention period provided, considerable inaie should be given this 

factor in order to be assured that the desired period of detention is actu- 

‘secured. Sewage treatment plants: investigated indicate “that ‘the 


om actual flowing-through time in the tanks may be as low as 10% of the theoreti-_ 
cal detention period. | This 1 would indicate that, in in some plants, a considerable . 


expenditure of funds i is, in n effect, wasted by reason of inefficient design. 
a With respect to linear velocity of of flow, a considerable variation in thought ; 
exists as to the desirable maximum ve velocities beyond which it is not t advisable 
to go. _ Although this variation ranges from 4 to 59 mm per | sec, ‘the writer is og 
& inclined to believe that the linear velocity of flow for average flow conditions : ar 
should preferably be not more than 2 ft per ‘min (approximately 10 mm per eo 


see) , depending, however, on influencing conditions and requirements. 


F 7 ‘Inlet a nd outlet effects play a very important part in n the length of ‘tank: 
actually effective for settling purposes and, in view of their importance, should” 


a “rents caused by wind , eddies, and difference in temperature and biological 
activities. At one plant investigated the writer observed that with a wind 


7 


- _ velocity estimated at t 25 mn miles per hr the velocity of th the surface ‘Sewage in 
the 90-ft square re tank ‘was observed to be such as to cover | the distance to the 


io outlet in 2 min. | ‘The theoretical detention period in the tank was 1.5 hr. 

Methods effective in reducing this action | consist of baffling, 1 _ Provision 


free-boards, and the limitation of 1 the size of. tanks. When air and 
sewage temperatures are materially different, short- -cireuiting, mixing, 


Realizing the value of such investigations as the _author reports, the 
write has attempted to point out some of the factors which affect the evalua-- 


of sedimentation data, but which, in the case of sewage solids 


least, , are > likely to te. methods of determination suggested by the 
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DISCUSSIO 


SUCCESSIVE ‘ELIMINATION OF UNKNOWN 


_ THE SLOPE DEFLECTION METHOD 


Discussion 


* 


FANG- Ts AI 
AND 


A FLORIS ORIS,, FISCHER, 


Fane- Yin Tsar” * M. E. (by a a simple 
‘wrocese the “method presented by Professor Wilbur can be adjusted to apply 
o the case of continuous. structures with variable moments of inertia. 
Slope- deflection equations for the case of variable moments of inertia 
wr been presented by L. T. Evans", Jun. Am. Soe. kh and also by the 
known as angle changes which express the effect of variable moment 
of inertia, the forms: of these equations are rather cumbersome, and, 
“therefore, inconvenient t for use in this method. i ‘The writer has deduced the 
following equations, using the various constants of the — of moment — 
> distribution developed - Hardy Cross”, M. Am. Soe. C. E 


which Cea and Cra are factors to over the ‘moment at 


a and b, “respectively, to the other ends, and | a, which are assumed 
‘fixed ; Sa and Sy are stiffness: factors when a unit moment is s applied at the 


end with: the other end fixed; and Mra and Mrp rb are fixed- end 


writer™, both: results being almost identical. These equations “involve certain 


 - Norge.—The paper by John B. Wilbur, Assoc. M. Am. Soc. C. E., was published in 
- December, 1935, Proceedings. Discussion on this paper has appeared in Proceedings, as — 
_ follows : "March, 1936, by Messrs. C. A. Willson, Paul Andersen, and R. W. Stewart; and 
April, 1936, by "Adolphus Mitchell, Jun. Am. Soe. 


37 Prof. of Structural Eng., Dept. of nechiiennes ined Tsing Hua Univ., Peiping, 


19 “Slope-Deflection Equations for the Analysis of Rigid Frames with Vary ying aicsibd 
of Inertia”, by Fang-Yin Tsai, The Science Repts., National Tsing Hua Univ., Peiping, — 


“Analysis of Continuous Frames by Distributing Fixed-End Moments”, by Hardy 
Cross, Transactions, Am. Soc. C. E., Vol. 96 Pp. 
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ELIMINATION 

a member of which the moment of inertia varies symmetrically with respect. 


eee 


C and 8 trom and (33) in (28) 

=——_ the well- known ordinary slope-d deflection equations for the case of 


of It n may y be ‘noted that, according to the usual sign convention for moment 
in the ‘slope- method, the carry- over factors, Cav and 


moment distribution, 
_ The determination of the values of the various constants in Equations | 


Rr ie (29) | for members with moments of inertia varying i in n any 1 ‘manner and 
under any loading, the method of moment area, as shown by GE. Large”, a 
Assoc. M. Am. Soc. C. E., will be found the most “expedient. For certain 
special cases, there are many sets of tables and diagrams which give e directly. 
the values of those constants. Hence, with Equations (28) and (29) avail- 
able, ‘the application of this to of variable moment of inertia 


Forts,” 


| problems. 4 


re se 
hi 1 


least, should be facilitated by special devices. ees 
avoidance of “simultaneous — by means 3 of the 1 moment distri 


kind, although is nevertheless time- -consuming. 


‘The author's. method is a valuable contribution to the analysis of com- 
plicated structures. In_principle,_ it is = 


Bulletin No. 66, Ohio State Univ., 
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A. wW. Fiscrer,” Eso. (by letter). has contributed a method 

for solving indeterminate structures by the » slope-deflection 1 method by what 
pe terms “s successive elimination”, which seems to solve the the simple examples he- 
gives in a very short time. For solving secondary stresses in trusses by the — 


slope- -deflection method, however, the writer doubts if the method 


_ Much has been written concerning the solution of rectangular frames by 
the slope- -deflection 1 method, but not much has been offered in 1 regard to me 
of a symmetrical frame with inclined legs, supporting unsymmetrical 
loads. Consider, for example, the top story of the Kinzua Viaduct™ with a 
horizontal load at the top (see Fig. 7 “q - Assume the bases to be fixed sail then 
compare the results with 1 those that 
are obtained by the method of least 
work » Which gives ¥ correct results, 
This bent is symmetrical and, using 
the author’: s method, sufficient equa- 
tions can be written to solve it, 
change of length of members 
is” considered and, since the 
bent ‘symmetrical, = 
= % = 0. _ The horizontal move- 
‘ment at the top of Members AD and = 7 
BC = Rh, and is to the right; the 
A RI; and the vise of Joi 


the R-value of A B = RL L, _ 10.39 


=109R. 
Of the two unknowns, 6, and R, let 6, be the permanent unknown. — es E is” 
‘constant, it ¢ can be assumed equal to unity, which will shorten the oyiittiens. 
the condition, M = 0, at ‘Joint A, Me +. = 0. Therefore, 
340.3 — 3R) + x i 280° (3% + 3.27 7 R) from which, 
R= = — 0.9625 


te “Member A AB. Let s and 8 be the direct stresses of Members AD and BC; 


sing + $806 (8% — cog 99600 (60, + 6542) _y 


jhe 


(35) 


FISCHER ON SUCCESSIVE ELIM — 
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_ FISCHER ON SUCCESSIVE ELIMIN ATION OF UNENOWN iS 


$80.6 (3 (3 _6R) cos 


and 


680.6 (3 04 6R) sin $ 68 


680.6 (3 — 6R) sin 


From ‘Equation (35), 
92560 (6 0.4 


sin 
jute 


Substituting the from oo 1 (9) in ‘Equation 


“a reducing: 
66.30 (60, + 6.54R) cos _ 
Equation (40) also expresses relation : 
2 Mav + 2 Moa 
Substituting the value of R (34) and sin and cos 
=- 0.04343 ; and, then, from: 
340.3 (— 0.08686. 0.19540) = 144.5 ft-kips” 
= 2 x 11280 0. 08686 — 0. + 0. 13670) = 144.6 ft- “Kips 
2 x 3403 (— 0.04843 — 0.19540) —1149 ft-kips 
the upper story, with fixed bases Grimm, found that, 


. ps 

Tee 9.69 x 30.4 — 


the it can be seen mn that two. 


methods practically check. (All calculations in this discussion were made 


— 6.54 R) 
an 
R) 680.6 (36, — GR) 
— 8 (89) 
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om 
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‘The general equations for solving a symmetrical bent with inclined legs, 


fixed bases, and v various loads derived by ‘ ‘relative deflections”” and modified — 
| to solve the foregoing example are 


be 


h{ LQ + 8n) +2hn} 


1 Ky 


stituting the values given i in Fig. in Equations 


and (42), and Mav = 144.7 ‘Kips; and, Mo = =: 


_ ‘If L, = 0, Equations | (41) and (42) can be used to solve a ——- 


- rectangular bent fixed at the bases and a horizontal load, P, at the top. Le, 
: The author’s method can be used for solving many problems indeter- 
structures, but to the Ww riter it is just one tool, of many, which solves 
i n by the author in a very short time. a 
problem such as the analysis of a ierendeel 1 truss, with inclined top 
however, is not simple, and if the author would analyze a three-panel 
a ierendeel truss with an inclined chord, the analysis might supply 
- additional: data for solving indeterminate structures with inclined members. 
L E. GRINTER,” Assoc. M. Cc. (by letter). There no 
‘question but that the author has made an excellent ease for his procedure of 
automatically eliminating the unknowns the -slope- -deflection — 
In fact, Professor Wilbur has hit “upon a major reason why the slope-deflec- — 
tion method has lost. some of its original popularity. — The lack of a standard 7 
procedure for solving the simultaneous equations had led to consider- 
able ‘dissatisfaction with the method itself. be The truth is that a confused sign 
convention and the | ‘difficulties involved in ‘the solution of the ‘simultaneous _ 
equations ‘the major objections that have been offered to its use. 
picture of the relation of moment, sign, and curvature will eliminate 
: the confusion in regard to signs, and the automatic procedure of eliminating 7 


a: suggested by Professor Wilbur will Il aid in id in simplifying the solution | 


_ Physical 8 Significance of Signs.—The question of signs naturally j is involved 


in the illustrative example presented in the » paper. This « example | ends with 
the statement, “and the moment at the column base is M = 2 EF — | 


= —120 ft-lb, the minus sign denoting that the , couple, M, acts contra-clock- 


“Stresses in Statically Indeterminate Structures”, by Prof. A. Yu Wuhan 
Univ. 
¥g 2% Prof. of Structural Eng., Agri. and Mech. Coll. of Texas, ‘College - Station, ‘Tex. 
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wise on ‘the column.” This s statement without further explanation will not | 
_ be understood by many readers. The signs of the end moments of an unloaded 


member will be made clear by Fig. 8. Such e end moments are e calculated by 
the standard slope- -deflection equation, ; 2EK (2 + On — 3 


Evidently, therefore, the sign of the moment will be dependent upon ‘the signs 
and. relative magnitudes f 8», and R. 


2 


= 2EK(—20, — Wegativey — My p= 2EK(— 26, - — + 3R) (Positive Since 3R > 26, + 
Mpa~2EK(— 265 — 6,) (Negative) Mp a= 2EK(— —% +3R) (Positive Since 3R > + 6,) 
RELATIVE TRANSLATION 


a 


ease of reversed curvature shown in Fig. 8(a), in which 

4 the v value of Ri is. s zero, the sign of M is the same as the sign of the end slopes, 


6, and end are counter-clockwise (negative) for the case 
illustrated, so that both the end moments, Mas , and Mu, za, Must be negative. 


Accordingly, the end ‘moments represented by M and M must” be the 
negative resisting moments external to the beam “itself. Similarly, in 


Fig. 8(b), the geometry of the configuration determines the signs of the end 
- moments s. For the configuration | shown, the value of 3.R must be larger than 


2 O4 + Os or 20 a+ 6. This is merely a geometric fact that that any one can 
prove by attempting 1 to re-sketch the e diagram, assuming the _ reversed inequal- 
ity. > (For instance, when 3 R= 2 64 a+ 6, = = - 26, + 6,, the elastic line would 
; a straight and the end moments would be zero. - Hence, for the case illus- © 
trated in Fig. 8(b), the end moments are of Ges tales sign. as s the : sign of Rin 
slope- -deflection equations; that is, ‘positive. Again, these end moments 

y oe be the resisting moments that act externally to the beam itself in order | 


Advantages of a Routine Procedure. e—The usefulness of Professor Wilbur's 3 


Peey for the successive elimination of ’ 


unknowns will depend very largely 


upon the number of simultaneous risa involved i in the standard solution ; 
ret that is, upon the number of unknowns. - ‘The continuous beam illustrated in 
‘at = Fig. 1(a) of the paper is indeterminate only to the third degree. The three 
simultaneous equations in any standard analysis can be solved so simply and — 
_ conveniently that the successive elimination of unknowns would offer little 


advantage. However, the wind frame of I Fig. is a highly indeterminate 
ae structure the analysis of. which would require the solution of twenty simul- 


taneous equations, a a tedious and wholly objectionable task. Certainly, there 
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wa the author, was to be used. 


a May, 1986 


be justification of the use of the -slope- -defleetion method for 


Undoubtedly, many engineers been applying the 
the but i in a rather fashion. writer has found his 


Professor Wilbur has clarified the solution of the ‘slope- -deflection m equations, 


and that his contribution is of considerable importance. — 


- 


the suggestions of the author writer, feels that 


4. 


er 
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otf the 
d me automatic procedure, such as that suggested 
1s q a 
em to obtain the solution for a problem such as) Fig. 1(a) by solving 4 iil 
. 
wa. 2.5 — 
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DISCUSSIONS” 


CONSERVATION OF ‘WATER 


PROGRESS REPORT OF THE COMMITTEE OF THE 


Discussion 


ih 

Rowe,” Assoc. M. Aw. Soc. ( C. E. (by is 
divided i into ‘fourteen - subjects most of which the writer will discuss in the 
order: presented. ‘The Bureau Agricultural Engineering of the U. S. 
Department of tes direction o of Harry F. 
Soe. Cc. E., has" developed a method for determining precipitation absorption 
in the valley areas. ‘This work should be extended to include the mountain 

areas. _ The writer’s experiences lead him. to believe that there may be appre- 
ciable ciable precipitation penetration to cons considerable depths in certain tein 
areas, particularly in faulted regions. The San ‘Jacinto and Verde 


Tunnels, ent of Southern California, the 


Evaporation. .—The principal need for additional evaporation data 


dition ore in 
‘regions t that are susceptible to future reclamation for agricultural purposes. 


So many valuable evaporation « data have been assembled and published by 
the Society and other agencies that a great mass of additional data would 


only increase the confusion. paper, by | Am. 
Soe. C. E., is a classic in evaporation investigation. 


1935, Discussion on the 
report has in as April, 1936, by Messrs. Donald M. Baker, 


Received by the Secretary March 7, 1936. 


“Evaporation from Water Surfaces”, by Carl Bulletin 
ee No. 271, U. S. Dept. of Agriculture, in connection with Colorado Agricultural Experiment ~ 
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ee. There i is need for the a adoption | of a standard pan and setting to insure the 
. continuance of data at existing stations. The correlation of pan data to = 
reservoir or lake surfaces is as ‘consistent as any engineer needs in planning 
his work, but there is need for a correlation between evaporation pan deta 
and transpiration losses from vegetated areas so that these losses may be 
estimated more closely. . The writer knows of no reservoir sites in Southern 
California that were not utilized solely because of lack of knowledge of the 
rate of evaporation. As an evaporation record is much more consistent from 
year to year than a rainfall record, the estimation of the loss within 6 in. 6 in. 
per yr is close enough for most engineering studies. 
 *Dr iN. W. . Cummings, of San Bernardino, Calif., has done considerable 
research on an evaporation formula v which ‘embodies the effects” of solar 
energy”. H He has apparently « evolved a formula which can be used Las a precise — _ 
measurement of evaporation. chief application of such ¢ a formula would 
be in the determination of hidden losses from reservoirs which might not be | 


detected under the present methods of determining evaporation losses by corre- ‘3 
of ‘pan and reservoir data. precise determination of evaporation 
would also be of great value in making studies of 1 the effects of storage losses 
on . the “increase » salinity of aters which are already of ‘relatively 
saline content. 
Economic Use ‘of Irrigation. Water—Extensive studies of this subject 
have been conducted by ‘Federal and State a: agencies’ for ‘many years. . The 
_ practical application of this knowledge has led to appreciable savings in power ‘ 
and water costs by irrigators, but as a ‘means of conserving water in most 
_ Southern California areas it is o of minor importance, Most of 1 the soils under- 
os lying the present irrigated a area, the principal exception being those near the 
als ocean, are sufficiently open to transmit readily any irrigation water r in excess y. 
of surface evaporation and plant requirements to the water-table where it 
again becomes available for re- use, There is a ‘tendency for this return irri- 
; —_—- water to increase in salinity by re-use, but thus far, any deterioration 
in the quality of this water supply in the South Coastal Basin of Southern 
California from this | phenomenon, has been overcome | by mixing this s supply 
less “saline waters. The importation of a new supply of water, of a 


quality very close to the most saline now being used, will certainly upset the aa 


ie, - The application of just enough irrigation water of relatively high salinity 

a. to: maintain soil moisture above the field capacity only within the root zone 

will result in the accumulation of | salts. which eventually will be harmful to 
growing plant. The quantity of excess water to. te: applied to prevent 

:. _ such accumulation i is a ‘a problem for the soil chemist, but is closely allied with — 

Grrigation engineering and by the Engineering Profession. 

4 One of the features of the State W ater Plan for the Central Valley Wate ater 
Project™ provides for the application, during wet ‘years, of quantities” s of 


“Relation Between and Humidity”. by N. W. Cummings, Bulletin 
i _ No. 68, National Research Council (1929); also. “Evaporation from Lakes”, by N. 


and B. Richardson, Physical Review, Vol. 30 (1927). © © 

‘ 144 Reports on State Water Plan, Bulletin No. 29, “San Joaquin River Basin,” 1931, 
Publications of the Diversion of Water Resources, = Public Works, 
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~ ROWE CONSERVATION OF WATER = Discussions. 


e 


irrigation water far in excess: of estimated consumptive requirements for 
purpose of ‘replenishing ground- water ‘supplies depleted by pumping during 


dry “years. a reversal of the prevailing trend of agricultural. practice 
and can be be largely avoided if the- ‘main and branch canals are left un unlined 
Studies and | investigations by the U. Bureau of Agricultural Engineer- 
ing indicate that the climate of Southern California, with erratic periods of 
low humidity and high evaporation, requires the application | of irrigation 


- "water on on short notice if the best « crop returns are to be obtained. ‘This irri- 
et practice is s increasing and requires a large stand- by « of water either in 


surface reservoirs or in underground storage. With the general adoption of 
~ such practice an increase in the consumptive use by irrigated vegetation may 


7 Soil Erosion —Since erosion is at the merey of the whims of. the 1 weather, 


and since the Soil Conservation Service will control erosion, it seems that 

= the hope of Mark Twain is finally to be realized. — One fertile field for. this 

Service the prevention of erosion from the so-called | fire- breaks” 


structed te the U. S. Forest. Service. The prevention | of erosion from these 


hist 


4 denuded strips, each of which supports an erosion channel, is is dependent — 


tion. elimination ‘of these esthetic monstrosities, however, will remove 


“razzle-d -dazzle”, saw puzzle background of the 
California valleys ‘and eliminate the greatest outdoor advertising medium 
"ever conceived b by a Federal agency. This ‘agency will ‘no | doubt oppose 
Burning of Native Vegetation —There is little ‘need for the discussion 


of this “subject. Under the previously prevailing practice of the Forest 
"Service, it was amply demonstrated this: native would burn. 


“its handling of fires and | the incidental post- t-mortems 
after each However, | the 1 recent of ‘controlled | burning (back- 
- firing)™ as a means of preventing the 1e spread of chaparral fires ‘I has eliminated 
his chief criticism. The Service’ demonstrated that burning « can be 
trolled u un nd er the pane adverse conditions of high winds, low: humidity, | and 
+} minimum ‘soil moisture, and it only remains to adopt this policy under | more 


favorable writer suggests that this method of controlled | 


ik 


cause the burned brush to. “coppice suficiently to present a 
water- shed cover before the winter floods occur. Etat 
4 x When Joyce Kilmer wrote “Only God can make tree”, he reckoned 
without the arboriculturists the Forest Service. ‘They did not have to 


a make a tree. . They took the native chaparral of ieee, called it a forest, 


enjoyed the confidence of e every camper Mature lover in 


 %8“Backfiring on the Malibu Fire”, Conservation Assoc. of 
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The policing of this chaparral area and the restrictions put on 
Visitors 3 to the mountains have alienated this former high regard, 
‘The writer hopes: that the Forest Service will relinquish to some other | 

- Federal or State agency its dominion over W eed and brush and return» to the 

field for 1 which it was originally created, namely, the ‘opening of forests to 

the public use. The Forest Service has demonstrated that it can go into an 

area with chaparral cover, select a portion: of this area for experimental 
sit and burn off the brush under control to the exact boundaries: desired. 

- The e extension | of f this technique to other areas would be a long step toward the 
prevention of | burning with | its resultant: maximum ‘débris movement 
the first rain, the adoption of such | a policy "would have to be 
| made by a different agency from the ox one ; which > which has been ee 


— 
The Forest Service i is spending of thousands of dollars in gather- 

ing climatological ‘and hydrological data in an ex xperimental area in ‘Southern 
California. _ The Society would be doing a _ public service if it reviewed the 

_ enormous” mass of data being gathered in this study and rendered an impar- 


_ 4 tial report of its findings. — _ The writer believes, that many data will be obtained 


which will have » no » particular significance to the forester, but which will be a 


valuable to the engineer studying water supply problems. These data should 


made available ‘to the Engineering Profession. 


— res.” 


a Transportation | of Débris—This is a study that is “between two fires.” 
There are the ‘soil. erosion faddists on one side, showing how much débris - 
2 “flows: off the mountains with every fog, and the water spreaders who with ‘an 
“a abhorrence of any water “wasting into the ocean”, try to put underground as + 
soon as possible, the transporting medium for the débris. _ When bigger and > 
"ates fires occur, when bigger and better débris flows are measured, and when ; 
$ bigger and better water- -spreading works are constructed, one may look for — 
the mountains to be leveled, the v valleys filled, and the geologic 1 norm attained. q 4 
- Water-Spreading and Flood Channels. —The spending of millions of dol- 
lars in -water-spreading works on Southern California streams during ‘the 
present dry period has built up a false feeling of ‘security | in their adequacy 
flood-control measures. recent depression had a great it retarding effect 
a on the movement of real estate in Sou uthern California, but with a return to — 
_normaley a movement of population can be expected to cheap home sites 
which : are , only | available in hazardous locations. The proper functioning ofa - 


ern! commission, whether State prevent the creation 


tail-water back into a formerly porous stream which is soon 


impervious. The periodic sluicing o of the : e absorption areas i is essential if their 
‘porosity and absorptive powers are to be maintained. . This, in itself, calls for 


7 Check Dams.—The behavior of check dams during | the Montrose-La Cres- 2 
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bank protection are absolutely necessary In soutiern Ualllornia, Many of 
_ the water-spreading works have been constructed without regard to silt z —— 

— 
4 
—centa Too as demonstrated that, 1N SOUtTNCTT UCU 


tive n menace, e, first by creating ‘a false apa of security agar then causing ‘the 
i diversion of flood and débris flows to lands’ that would otherwise have been 
unharmed, properly constructed check dam ‘used in stabilizing the exist-— 
ing grade of a gully or a stream is of great value, but when it is used to raise ; 
the grade of a stream channel it can become : a ‘menace to life and prop- 
erty. ‘The precipitous grades of most of the small streams in Southern Cali- — 
fornia on which check dams have been used, have caused their condemnation. — 
It is probable that they can be used effectively i in regions that are not subject 
to such torrential floods as Southern © California experiences. 
aul The type of débris basin having a protected inlet to o prevent a io donno 
in grade of the entering stream, as now being built by the Los Angeles County 
Control District, offers all the Protection formerly claimed for ‘check 
dams, and at less” expense. Committee is to be > congratulated for the 
resolution it presented to. the Conference of which was unanimously 


adopted and is included in the report under discussion, ee 
Investigations in Water ‘Conservation and Control. —The | ‘Committee 
rectly states that since most of the water conservation | works for spreading — 
_ water have been constructed during the recent dry period and have never been — 
os tested by a flood, some continuance of studies on the cost of operation should 
be made. Such studies can only reveal that most of these works are not 
a. economically sound. The ¢ engineers in charge of this class of construction | 
ran! should not be. ‘criticized for the apparent cost of these works, The policy of 
2) the Federal Government i in putting unemployed labor to work | on constructive 
projects ; rather than | on weed cutting and leaf raking activities, ‘made avail- 
able vast sums of money for this type of construction. i Plans had to be 
_ drawn hastily and put into operation with | no assurance that the flood of 
4 labor and money for materials would be forthcoming for any length of time. 


This policy of the F ederal Government resulted in a great acceleration 
in the construction of spreading works and ‘projects, , which under ordinary 
eonditions would have’ been constructed from small annual appropriations 
a many years of trial. . As each water-shed and stream has its own 

“climatic, topographic, and geologic characteristics, these 
re spreading works are of many different types. Because no flood flows have 
_ occurred that would test the effectiveness of the various types of structures, 
; and because there is no assurance that this method of employing idle labor 
; a be discontinued, it would seem that a further study of. the operations of 


a structures under the prevailing method will result in the design , 


=| 


© 
~ 


more efficient w wor for other localities in the future. 
_ The U.S. Bureau of Agricultural Engineering, under the direction of Mr. _ 

A z.. Mitchelson, i is engaged i in correlating data on the efficiency of the vari- _ 
ous _water-spreading works. | This investigation should be continued until 
capital flood offers the opportunity for testing the ‘present works ‘thoroughly. 


The Committee is s to be on its handling of problems 80 vital 
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A. Youna,” Assoc. M. Am. Soc. 


E. (by letter)“ refers to” 
“evaporation research, this report ‘suggests further investigations combining 


the points of view of the « engineer and the physicist in approaching the evapo- a 
ration problem. is to be commended as there is 


entirely satisfactory, ‘although that is value has 
to accord with be both. It seems likely 1 that earnest co- operation by engineers : 
physicists, combining the methods that each have developed, will produce 
of greater value than any that have yet been obtained 
Much work has" been done by physicists in coterimining the close relation 
existing between insolation, or‘ ‘exposure to the sun’ rays” , and ‘evaporation. 
The effect: of insolation ma may be | ‘measured by ‘means of a recording: pyrhelio- 
meter ‘Unfortunately, few stations exist at which such records are available, | 
when obtained they are seldom applicable to other localities. 
For y years engineers studied evaporation. through measurement of 
losses from pans of various sizes and types, and have developed coefficients — 
for reducing such losses to lake or reservoir values. _ The Division of Irriga- 
tion, Bureau of Agricultural Engineering, Department of Agricultuye, 
“te. done pioneer work along this line since the turn of the century first 
showed the necessity of conserving: the water supplies i in the West. As early a 


wa 


as 1903, evaporation studies were made in Southern California under the 
direction of the late Samuel Fortier, M. Am. Soe. C. 


= Later, the Division undertook the important study at Denver, Colo., under _ 
the direct charge of the late R. B. Sleight, Assoc. M. Am. Soe. C. E., which 
developed the first satisfactory coefficients for reducing pan evaporation 


in 1919 by Harry F. Blaney, M. Am. Soe. C. E. E. 1 The largest evaporation pan — 


reservoir equivalents. Additional studies the same station were made 


cused at this time was of the type adopted as a standard by oe Bureau of 
‘Agricultural Engineering, 12 ft in diameter by 3 ft deep, 
: To check coefficients developed at Denver, additional | studies were made 
Fort Collins, Colo., by Carl Rohwer , Assoc. M. Am. Soe. E., under 


the direction of the Division, and a report was published in 1931." ‘Tn this 
Investigation copper -lined reservoir 85 ft in diameter was used instead of 


the 12-ft pan which was the basis of the Denver measurements. Sleight™ 


“had concluded that evaporation from a 12-ft pan was nearly equal to that 
from a larger body of water, and this conclusion was concurred in by Rohwer.” Bf 


The Committee recommends the selection of some place in California 
- further study of evaporation because it “offers favorable climatic conditions _ 
ith its freedom from winter freezing the large rates | of loss. during 


summer months. ” The writer’s opinion agrees with this statement. Cali- 
5 
Asst. Irrig. , Div. of Irrig., Bureau of Agricultural Eng., U. S. Dept. of 
1a Received by the Secretary March 20,1936. 


“Evaporation ‘Losses in Irrigation and Water Requirements of Crops”, by Samuel 
Fortier, Bulletin 177, O. EB. S., U. S. Dept. of Agriculture. 
from Surfaces of Water and River-Bed Materials”, ‘by R. 
Sournat of Agricultural Research, Vol. 10, No.5, 1917. 
A 2 “Evaporation from Free Water Su faces”, Carl Rohwer, , Technic Bulletin 271, 
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is of a large area in the Pacific 
_ where seasonal evaporation exceeds that for the inter-mountain country. Not | 


i only i is the daily evaporation high, but the evaporating season is co continuous 


“throughout the 


In Southern California ‘the Division of Irrigation, in co- operation with 


other a agencies, s, has been keeping evaporation records since 1928. _ The first 
these records in connection with consumptive water studies by 


types of pans in common use. Records of evaporation 


4 at this station have been continuous from July, 1932, to the o the present, time. - A 


21 


Further investigation was begun in the ‘Division 
—o and other | agencies at ‘Fullerton ¢ on the Coastal Plain of Southern 
California. In this connection opportunity exists s for intensive investigations 


pre og pans, “may be installed. The. scarcity and value 
of water in the Pacific Southwest and | the interest in evaporation shown by 


and "engineers engineers make this | location particularly suitable for further 


TABLE 1. 1—D: Pans 


Pan No. fo pan, water, round, Type. ofe ‘evaporation pan 
in feet in feet | in feet fee et 


0.62 | Above | U.S. Weather Bureau 
| 2.75 U.S. Bureau of Agricultural Engineering 

2 75 - 2.75 | Los Angeles County Flood Control District _ 

75 U.S. of Agricultural Engineering 


2. 75 | U.S. Bureau of Agricultural Engineering 
SE: : | 2.75 U.S. Bureau of Agricultural Engineering 
2.75 2.75 =| U.S. Bureau of Agricultural 
3.0 2.75 |. 2.75 | U.S. Bureau of Agricultural Engineering 
0.83 0.62 Above | U.S. Weather Bureau 


n Table 1(a). In addition, the meteorological equipment includes maximum 
an minimum gage, » anemometer, , atmometer, hygrothermo- 


Baldwin Park Station has f of evaporation pans as 


®“Rainfall Penetration and Consumptive Use of Water in the Santa Ana River Valley 
Bc: 7 =a and Coastal Plain”, Bulletin No. 33, California Dept. of Public Works, 1930. = 
cei _ _ “Water Losses under Natural Conditions from Wet Areas in Southern California”, 


™ 44, California Dept. of Public Works, 1933. 
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been maintained i in _ evaporation pan although records of water tempera-— 
tures are not ot complete. Monthly evaporation records for the “period, J July, 
1932, to December , 1935, ‘inclusive, are given in Table 

The Fullerton S ‘Station is larger and better equipped than the station at 


‘Baldwin Park. The various pans | are listed in Table 1(d). . Additional pans 


ON 


TABLE 2. —Evarorarion Reconns, Park Srarn 


‘Bvaronarion 1 rrom Pans, 1x IncHEs Ratios _ 


YS, Bureau] Los Angeles | U.S. 
Weather| of Agricul- |County Flood of Agricul- 
Bureau pan, | tural Engi- | Control tural Engi- 

| neering District | neering 
diameter, | pan, 6 ft in | pan, 2 ft in | pan, 2 ft i in 

10 in. deep; | diameter, diameter, diameter, 

3 ft deep;t 


September 


wn 


December. . 


~100 to 


Qu 
£ 


on 
wooc 


October 


= 
00 


Mi 


o 


on. 
RSS 


wRO 


August. 
September..... 


_ November 
December 


1085: 


> 


90 00 90 00 
00.51.00 bo 


ROM ON 


Or co 


2 


NON 


z. This table is published in part in the Rept. on progeen ress Conference on Water Conservation, Los Angeles, _ 
; March 13-14, 1935, by the Committee on the onservation of Water, Irrigation Division, ary Soc. 


period, 15 to July 3l,inclusive. 
overflowed during storm; record 


— 
= 
a 
| 
— 
and yea’ | Pan Pan Pan - 
se? | No. 2 to | No. 3 to | No. 4 to - Sa 
y No.1 | No.1 | No.1 
| 4 | 
2.47 (1.89 
February...... 3.49 
March... 4.79 3/61 
April..........] 5.28 4.16 
5.99 | 106.5 | 99.7 
October 4.50 | 3 98.5. — 
2 2 — 
| 94:9 | 91.6 
96.2 91.7 — 
am November.....| 107.2 | 83.7 
ave 
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be added as opportunity permits. T 


maximum and minimum . thermometers, ‘standard rain- gage, recording rain-— 
ga ge, anemometer, , thermograph in the thermometer shelter, thermograph for 


he equipment includes 


sun temperatures | ‘at water- surface levels, and distance thermograph for I 

continuous water temperatures i in evaporation pan. Maximum and ] 

minimum thermometers are also floated on each pan, ( 

ase. An analysis of the results at Baldwin Park shows a wide variation in ratios 0 

of. evaporation from different pans within short periods of time, sometimes 

amounting to o as much as 100% in 24 hr As the length of the evaporation 

period increases, the average ratios are gradually ‘smoothed out although =, 
slight ‘changes still occurring after 3h. yr ¢ of measurements. Monthly 
ratios of evaporation from the 6-ft pan to the standard pan of the U. S. 


together with corresponding 
4 


Weather Bureau, have been plotted in Fig 


values | of humidity, wind and air 


Hour 


les per 


(d) RATIO OF EVAPORATION 
_6-FT PAN TO STANDARD PAN, _ 
U.S. WEATHER BUREAU, 


We. Monraty Vaturs, BaLDwin PaRK EVAPORATION Srarion, 


The ratio curve rings out fact, previously given little 


for the ‘summer. This difference been | noted in a number of in 
outhern Califoria. ‘The me mean ‘monthly ra ratios as plotted | are influenced by 
ir temperature an and wind velocity, but not by humidity. . It is a characteristic 
” of the coastal climate at Baldwin Park that humidity normally goes through 


a daily eycle of from | nearly” 100%, at night to 30 to 40% during the day. 
is almost a daily occurrence, regardless of “season; hence there is 


— 
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The lower ratios in the winter consistent “year of 
‘Inconsistencies in n daily and ‘monthly, evaporation have been ‘noted by others, 


measorements are impossible, low winter ratios, as s obtainable i in California, 


have not been observed. The coefficient or ratio of 0.70 developed i 


oa for the reduction of evaporation from a U. s. ‘Weather Byreay onl « 


to lake or reservoir losses is applicable to © climates similar to that in which it - 
"was developed, but is about 10% less than the coefficient indicated by pre- 

= investigation in California. Further s study is necessary before a 
definite value can be recommended for use im the Pacific Southwest. 


be because of difference ‘in length season and other | 


factors. It can ‘reflect i in no way upon previous s studies. -. 
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“AMERICAN SOCIETY OF CIVIL ENGINEERS 


DISCUSSIONS 


FLUID’ ‘TURBULENCE. 


By “MEssrs. S.F FRANZ “YASINES, 
RALPH W. POWELL 


* Assoc. M. Am. Soo. C. E. An. exellent 
gations that have been made i in 1 this field of fluid | turbu- 


Because the current mathematical, , as well as the physical, knowledge 
many ny fluid- flow problems’ is limited, present day investigators are are forced to : 


ideal ize the conditions in such problems, in order to save time and labor in 
actual research in the laboratories; and in this manner they find at least _ 
7 partial solution of a problem in an empirical form. | When an attempt is made 
to imitate Nature i in n the laboratory, i in n performing t tests ¢ on models, the 3 inves-_ 


-tigator 


hydraulicians that Reynolds’ number is the ratio of iner- 
‘tial force to that of, frictional force in a given Such definition is 


The Newtonian principle “of may | be applied to a a flow 


confined in such a ¢ conduit, , but at a constant rate of flow the rate change | 


of momentum is ‘zero; hence, the inertial force in this ‘particular flow must 


also be zero. Therefore, if Reynolds’ ’ number is to be defined as the ratio 


a bo — force to frictional force, it must be zero for any constant rate of 
in a conduit of uniform cross- 


the that the e only y forces the flow of fluids in 


are frictional and a certain fictitious force which he terms “the rate of 


_  Nore.—The paper by Hunter Rouse, Assoc. M. Am. Soc. C. E., was published in | 
January, 1936, Proceedings. Discussion on the paper has appeared in Proceedings, = 
follows: April, 1936, by J. Posey, Jun. Soc. C. 
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Received by the Secretary March 27, 1986. 


“May, 1986 86 MILLER FLUID TUE 
passage of momentum. ” What i is the latter force? Why ‘not 
force, | since it is known definitely that the governing forces i in | the 


derivation of number is by no easy when a 
physical conception of the problem is t to be formulated, Considering, for 
example, the application of. dimensional analysis (x theorem) to the flow (at 
constant rate) in a conduit of uniform cross- -section, it is ‘possible to , obtain 

4 the proper relation among the variables which indicates the presence 


Beynolde’ “number, provided the independent variables ‘are properly selected. 


On the other hand, how is. one to know at the beginning of the analysis what — 


‘variables are “to be considered as being independent if no aes co data. 
By using the Navier- Stokes e 
4 ciple of dynamic similarity, it can be proved that the satie a inertial force 


to that of frictional force may be equal to ) zero or to unity (depending ‘upon 


the assumption made i in the physical analysis of the flow), and yet Reynolds’ ~g 
number does appear as a governing factor for similarity of flow. P.. 


= 


_ The reliability « of investigations of the’ boundary layer with a thickness of 
0.001 ft, by means of specially designed Pitot tubes, is questionable. 1 Instru- 
ments based « on electrical r rather than physical principles onan be more reliable 


ome 


Since the | has inherited a large amount of 
‘information from his predecessors and has the opportunity of resorting to 
efficient physical tools for the study of. various types of fluid flow, there- is 
_— reason to > believe | that he may solve many ‘intricate > problems; but, in 


order: to do sO, a closer co-ordination amon 


le 


pipe has both analytical pon empirical lines. 

3 ‘The author has referred to work of both types, and gives | the impression t that 

__ whereas great strides have ‘been made on the analytical ‘side, the empirical _ 

A % studies have not been of much help, and that as yet / the engineer cannot use be 

the results of recent work for design. The writer feels that the picture is 
rather different, that the | analytical ‘methods’ described e far from satis- x 

4 factory, but that t fluid- -flow rate can now b be predicted with great accuracy 

by means of the ‘empirical relationship given in the That empirical 

relationship is due entirely to experiment, and owes” nothing t to analytical ¥ 
_ work. . A rational analysis of turbulent flow should lead to the same relation- : 


ship a as that found empirically. The » methods described in the paper do not, 


but improved methods of the future may. 
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The writer agrees with the author that a more specific definition of surface aide 
. - roughnesses should be established. This can be done since apparatus for this — 
&g 
3e 
n- 
Ww x 
io 
of 
ds 
of 
in 
as i 
| 
‘ 


MILLER MECHANICS OF FLUID ‘TURBULENCE 


- Before giving reasons for these statements, the writer wishes to point out 
was discovered by Hagen in 1839 and established | 
oon doubt by Poiseuille i in 1842, but it was not until 1856 6 that Wiedemann 7 
derived: the law analytically. ‘The law of turbulent flow was was first published 
in 1932, although experimental work available previously on which it 
night have been based. Perhaps, by 1946, an analytical derivation of it may 
a The law of turbulent flow ‘to which the writer refers is the author’ s — 
(68). Mr. Rouse : states that ‘the appearance of the square root. of f. 
both: sides of the equation : is a drawback to its use for general purposes ; but 
- is a drawback only because of the habit of thinking in terms of f, which 
in turn, comes about through thinking of the pressure drop required to main- 
tain a given flow rate. ‘Tf, however, one thinks in terms of the flow rate 
which can be pressure drop, one transform 


Introducing following 


4 
for the pressure gradient, 


and, for the von Karman number”, 


Equation is suitable. for ‘general use. Tt deseribes, 
a turbulent flow in commercial steel pipe. - The flow through | pipe lines will be 
; Tess because of the pressure drops at joints, bends, fittings, ete. citi 


The development of Equation (75) is detailed in the paper previously 
cited.” The author’s Equation be used as a point, but it is 
Since Q i is proportional to V, 


he 


4 

— 
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Pransactions, Am. Inst. Chem. Engrs., Vol. 32 (1936), p. 1. 


1998 


di 


"and Equation (18) is put into the explicit form of or (5) by the 
7. empirical method of plotting the results of the various investigators, such | as 
Equation (75) is represented v well by the author’s Equation (35), between 
‘Reynolds: numbers rs of 10° to 10’, but it is not restricted to this region, Actu-— 
it coincides with experiment down ‘to the beginning of the turbulent 
régime. As mentioned previously, it applies to pipe, and not necessarily to — ; 
Pipe | lines. However, there are commercial pipe lines in which the flow is «sts 
more e than | 95% of that calculated | by Equation (75), and it is an Lemnamed line 
in which the flow is less than 90% of that so calculated. ee 


‘author does not consider that the methods analysis described 
the ‘paper are perfect. ‘He de does indicate thet, although there is: a 


$0 as to be entirely negligible in “practice. Rather than pick out 
discrepancies, the writer suggests that the problem be re-examined in the light ; 


- In a turbulent fi flow, as in viscous flow, there must be maximum velocity at at ‘ 
the. center and zero velocity, the wall. Furthermore, there “must be a 
viscous drag proportional to the rate of change of velocity. 
‘These statements may be expressed as follows: v = 0 at r = ro} — 


‘The law of turbulent flow (Equation (75)), is: 


p 


‘ 


conditions. 


al is “perhaps too broad, as it searcely covers the entire subject of fluid Tike 
turbulence. ~The question of turbulence ¢ as it affects problems i in aeronautics® 

transportation of sediment in streams _instance, is scarcely 


_% Assoc, Prof. of Mechanics, Ohio State Univ. Columbus, Ohio. © et Pe ep 
2 See, i. example, “Applied Hydro- and hovemethentes”, by Prandtl and Tietjens, 
Chapters IV, V, and VI, N. Y., McGraw-Hill Pub. Co., 1934. 
“Review of the Theory Turbulent Flow and Its to Sediment Transporta- 
tion”, by Brien, Assoc. M. A Transactions, Am Geophysical 
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touched “upon, As a résumé of present knowledge on the flow in pipes, how- 
_ ever, the paper is excellent. | The only | other adequate treatment of the subject, 
in English, as far as the uitian knows, i is that given by Prandtl and Tietjens™, 
ba and the author has improved upon this study at several points. _ (However, he 
has not included all the interesting ‘material given therein as, for instance, 
_ the “length of transition” at the entrance, the intermittent occurrence of 
turbulence in the critical range, the effect of convergent and. divergent flow, 7 
= and the seventh-root law of velocity distribution. 
In studying through parts of the “paper with a graduate class in fluid | 
ai sialon: one idea has occurred to the writer which is perhaps worth noting. 
& In the paragraphs following Fig. 8 the author assumes a linear distribution 
a of velocity in the boundary layer. This’ simplifies | the mathematics, but is con- | 
trary to the fact shown in Equation (25) that for stream-line flow the velocity 
P distribution is s parabolic. As a matter of fact, the | assumption | is unnecessary. 
~ One can assume that the flow in the boundary layer obeys exactly the same 


laws. as in case laminer flow, but that To; , the intensity y of shear at 


within the boundary layer only. Taking, as the author 
- does, vw a as the velocity at the inner surface of the ‘boundary layer, and 8 as 


het thickness of ‘the boundary layer, and substituting v = vw, : 


and ro = — in Equation (81), anc and solving for 3: Sell 


2 


Expanding Equation (82) by the binomial dropping all except 

the first term gives Equation (36). The | difference between the two expressions 
will be largest when fR is” smallest; that. is, just above the critical 
gay, when R = 83 000. Then Equation (32) gives f = 0.0428 and fR = 128. ' 


as assumed by the author in his example, ‘Equation (36) gives 
= § = 0.03125 D and Equation 1 (82) gives 8 = 0.03229 D, or 3.3% greater thick- 


‘the author’ 8 assumption is satisfac- 


ag 


One other fact may be added. Equations (32) a and (35) 
es simultaneously, R = = 117 500; that is, is » Equation (32) may be taken as the Jaw 


al 


of fluid friction in smooth pipes up to a Reynolds’ number of 117 500 and 


= Equation (36) beyond that point. _ As both these equations are empirical, it is. 
probable that there is actually no sudden change of law. 


“Applied Hydro- and Chapters III and Iv, Nz Y., McGraw- Hill 
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D SCUSS: 


COMPARISON OF SLUICE-GATE ‘DISCHARGE IN 
MODEL AND PROTOTYPE 


MESSRS. RAYMOND BOUCHER, AND | H. E. HURST 


dons 


Raymonp Boucurr,’ J UN. Am. Soc. (by 


~The author states that * ‘the coefiicient, Ca, is not equal ee all openings or 
heads.” The statement leaves” ‘the reader under the ‘impression that the head 
depends on the gate- opening, which | is not ‘the case in these experiments 
. because by varying the discharge the gate- -opening and the head were adjusted a 
independently. It would be preferable to write that “the coefficient, ca, —. 


with different gate- openings and different heads.’ 1” 


of 4.0 ft, has a difference of + 4.1% between model and ian. eames for 
gate-< openings between 1.0 and 3.0 ft the difference in coefficient varies 
from: to +1. per cent. The of that relatively 


is remarkable that the model experiments are in 
close agreement with those obtained in Nature. Paper is a 
the science of hydraulics is ‘eee step in ooving the 
E. (by letter).“"—In making a ‘comparison the 
a ‘model: of the T ‘Tremont gates with the of its ‘Prototype, | 


of his paper » will lead to the oneatinn of other comparisons | of a like nature. 
He mentions the comparisons, made by Mr. Watt and the writer, of the dis- _ 


cha arges of models of the Assuan sluices with those of the actual ‘sluices. In 


eves: _ Nore.—The paper by Fred William Blaisdell, Jun. Am. Soc. C. E., was published in 
January, 1936, Proceedings. This discussion is printed in Proceedings in order that the | 
views expressed may be brought before all members for further discussion of the paper. rel one os 
Asst. Prof. of Hydr., Ecole Polytechnique, Montreal, Que., Canada. 


7 4a Received by the Secretary February 24, 1936. pig 
That part of Mr. Blaisdell’s paper entitled “Agreement with Froude’s Law’, is to be 

deleted from the paper when it is finally published with the discussion in Transactions, and, — na a 

ow... Director-General, Physical Dept., Ministry of was Works, Cairo, Egypt. A 

8a Received by the Secretary March 11, 1986. 
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314 HURST ON SLUICE-GATE 
this connection it will be of interest to summarize some . work that has | been 
_published* since the papers to which he refers, 


‘The full- scale sluice discharge measurements at Assuan depend initially 
on volumetric measurements with a a tank, and various methods have been 


_ the tank cannot be used. As: a result of this wo work, the discharge of the Nile 
can be e measured | by means of : the sluices with a high degree of precision, _ 
i A comparison of these measurements with simultaneous 1 measurements 8 of ; 


of ‘the river the ‘difference between the sluice and the | current. meter : measure- 
ments is negligible. . During the flood period the discharge given by the cur- 
rent meters was al about 5% greater than the discharge given by the sluices. : 
i _ ‘The ‘Assuan model experiments to which Mr. Blaisdell refers were ere made 
on sluices high above the river bed and discharging freely into air. For these 
‘ ~ experiments there was very good agreement between model and prototype. 
- Since then experiments have been made on the ) type o of sluice, 7 m (23.0 ft) 


3 high by 2 im ( (6.5 56 6 ft) wide, through which the river passes sses under a low head 


_ For these sluices the conditions S$ are very different. . They are not very high 


above the river bed and, therefore, are affected by differences on the river bed 
i up stream of them. — They are used when the velocity of approach is high and 
the direction of approach is different for different sluices. ‘They 2 are partly 

submerged | down stream and the down- “stream le level i is very difficult to measure — 


), Wee places « owing to “the large variation in the level of the bed down strea 


| 


‘The mean discharge of six similar is 6% less than the discharge 


from the model. Two of these sluices are more ‘similar in condition 

to the e majority of the sluices than the other r four, at and for these two the > mean 

S a * discharge is only 1.7 % less than that inferred from the model. . The experi- 
“a pet ‘ments on the model were very complete and covered a large r range of up-stream > - 

down-stream levels, and all measurements were made directly by means 

7 wo Aa a ‘result of these experiments three conditions of flow were found: 

F Free flow into” the. air; (2) ‘submerged flow; and intermediate types 

—Free flow into air persisted ‘until, the down- stream level con- 


in which Q is the discharge; a area of Ps gate-opening; H, ‘the head 
- above the sill of the , sluice; and c and F are constants for any particular 


_  €“The Measurement of the Discharge of the Nile through the Sluices of the Aswan — 
pam by H. E. Hurst and D. A. F. Watt, Physical Dept. Paper No. 24, Ministry of Public 
Works, Egypt; also, “Further Experiments on the Discharge of Models of Sluices”’, by H. EB. © 
_ Hurst, Physical Dept. Paper No. 25. Ministry of Public Works. Egypt. (A copy of Papers 
* Nos. 24 and 25 are available for reference, at — Societies Library, 33 West 39th 


siderably above the sill of the sluice, In these flow 
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(2) .—The submerged condition begins when stream level. is 
above: the top of the sluice- -opening, which discharge 


in which h is the head down stream above the si a | 2 
a @)- .—The transition condition lies between the free and submerged condi- 


 sadiee ~The down-stream level affects the discharge, which, however, is not 


I given by Equation (3). These conditions are best illustrated by r reference to 


Wis 


| ‘Fig. 8" in which a form of representation is adopted that is very useful in 


study of the discharge of sluices or weirs. 
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oN ‘SLUICE- GATE | DISCHARGE 


= is a linear function of H and, therefore, i in 


Fig. 5, the two are sms against each other. The result shows immediately 


type of flow” under any conditions “up-stream down-stream 
level. The actual observation points are net shown, but they were y numerous 

fell very closely on the lines drawn i in the diagram. 
. The conditions of flow at Assuan are usually those described as “free”, 
; and it is is to these that the comparisons of model and prototype refer. It 7 
“ would seem ac advisable, if possible, to avoid the complicated transition condi- 

i “tions in using a model ‘sluice as a means of inferring the discharge of its 


prototype, as as it 1 may be that the discontinuities do not occur always at the 
same points on both. For example, one of the Assuan type of sluices showed — 
a condition i in which there were two separate values of the discharge for the 
same head where » only one could be obtained on ‘the model, , although this 
condition was actually in the region of free discharge into air. a a we 
oh The results of the Assuan model experiments led to the use sia models a as 
a means of inferring the discharge through the sluices of the dam on the 
Blue Nile, near Sennar. ‘The e results of this work are ‘described in Paper 
4 No. 25 previously n i and from these results are constructed the tables — 
of discharge for for the Sennar Dam, which are the basis ” which the Sudan 


» Ba Since these tables of discharge were constructed several years have elapsed _ 
during which discharges have been measured regularly with current ‘meters 


down stream of the The comparison of t these discharges with the sluices 


- during the important period when the ‘Sennar Reservoir is working is ag 


_ in Table 3. At this period the velocity of the water is not high, and condi- — 
3. —Prrcentace D DIFFERENCES BeTWEEN Suuices AND Current M 


1930-31 | 1931-32 | 1932-33 | 1933-34 
40.2, 
—8.5 | 
+2. 6 


+] 


sd ae _tions are favorable for current-meter measurements which were usually made 

d 


* -- the average the difference between the sluice discharges, as inferred 
eo; don the models, and the current- -meter discharges i is negligible, but there 
occasional months when n the discrepancy ‘is as much as 10%, and 


there seem 1 also. to some signs ot systematic effects. ‘The data have not been 


In Equations (2) and (3) 
— 
a 
— 
vl 
= 
| 
— 
— 
— 
— 77 
— 
4 | +98) +50 
— isa | 
424 | 49.0 | —6.2 | 41.2 | +3.6 2 | +80 
Means —0.4 | 42.3 | —3.0 | —1.0 | 
7: 
7 
heal | hat extent the discrepancies are due to the sluices or to the current meters, 9 
an _ but in any case the result is satisfactory as an example of the reliability of 9 
deductions from models. It should be mentioned that the conditions of “flow ¥ 
always those described as “free.” 
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BEHAVIOR | OF STATIONARY ROPES | IN 


Discussion 


By Messrs. C. G. 


— 


Meats, M. Am. Soc. ron letter) Another “ink in 
the chain” has been 1 w rought by Mr. Stewart i in his splendid paper r pertaining 
to the strength | of stationary | wire ropes looped = sheaves. Of he bending 


man 


Chaban modified Equation (3). 
on Josef Hrabak’ and published in 1 


credit is y given ‘his 1918 (2)*. 

the publication of many formulas for th the of bending 
_ stresses in operating wire ropes, , and there may have been some justification. 
yal for the. given the subject, as did break before being 


ith the present of designing wire ropes, it is appreciated thet 

_ improper proportioning of 1 the wires lead to their premature breaking. If 
h less time had been sp spent on bending stress theories and more time_ devoted - 
to the engineering design of the rope, the troubles s experienced would 


discussing bending stresses in wire Tope, the author of an article’ 


_ published in. 1930, noted that “the intensity of stress due to bending varies a 
inversely as the radius of curvature; - consideration of fundamental fact 


Note.—The paper by Douglas M. Stewart, Jun. Am. Soc. C. E., was published in 
February, 1936. Proceedings. This discussion is printed in Proceedings, in order that the | 
views expressed may be brought before all members for further discussion of the paper. 


ah 5 Wire Rope Engr., The B. Greening Wire Co., Ltd., Hamilton, Ont., Canada 


For reference to in parenthesis, see Appendix ILo the paper, 


 €“Die Drahtseile”, by Josef Hrabak. 


. “Instructions for the Design of Wire Rope Installations”, U. S. Navy  Dept., Bureau 
of Construction and Repair, Technical Bulletin No. 1, p. 30. en 
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MEALS ON BEHAVIOR OF ‘STATIONARY WIRE ROPES Discussions 


Is the conclusion that the wires in in contact w with the sheave or drum, 1 
those bent to the least radius of curvature, are . subjected to. the greatest 


” An extensive experience in testing moving wire ropes, under 

i sheave and under another sheave, subjecting the rope to a 
verse bending, has verified the foregoing statement. 
a discussion of Leffler’s rs paper (3)*, the writer ‘noted “the maxi- 


bending s stress [in an operating wire rope] is not in the 


“the where are not inspection. 
a: For the determination of the strength of a wire rope bent over a sheave 


and subject to a static load, in a recent paper", the writer modified Equa- 


tion (9) as s follows, 


‘tp which ky is a correction factor with the following values: 


120 | 


“* and E; i is the modulus of elasticity of the Tope as , manufactured ‘and as deter. 


aa - mined by the first run loading on it, ‘the load not to exceed 30% of ‘the strength 

The use of Equation (14) will increase the values given in Table 10, 
under the heading, “Equation (9)”, and using the first-run values 
‘given in in Fig. ‘8. The changes are ‘given in 

TABLE 11.—Srrenetus or Rores Bent Over 


(14) 
5 


50 200 450 

1900 |. 
100 
200 | 


Cables and for Bridges”’, by Cc. D. Meals, Assoc. M. 
. Soc, Journal, Eng. Inst. of ‘Canada, 1934. 


| 
a 
‘I 
— 
_ a types of wire ropes and under certain conditions of loading and operation, 
. 
— 
im 
il 
oF 
— 
5 
— 
4 ‘4 
4 
| 53 800 
— 


4 Table 11. _ These values s show an appreciable advance compared with the data 
| - given in Ta able 10 for Equation (9) ; if the loadings on the ropes had not been 
so abnormally high, lower first- run moduli would have resulted, i, with 
corresponding increase in the values of Table11, 
should be appreciated that Equation (14) is only an approximation, 
yet it gives: values quite closely in accord with the results of Skillman’s (9)* 
‘ and -Rairden’s- (1)° series of te: tests and also with the test. ; results of of many 
6 19 and 6 x 37, steel- center, suspender ropes as used on recent suspension 
_ bridges; although, as indicated previously, it is not in as close agreement with 
‘Mr. Stewart's test results, 
- For 6 x 19 ropes with manila centers, the efficiencies of the - ropes reported 
by } Mr. ‘Stewart are higher — than those of Skillman’s (9)° tests for 6 x 19 
Zz Warrington - plow-steel ropes ; and of Rairden’s (1)* tests of 6 x 19 filler-wire 
improved plow- steel ropes, and it appears from a a ‘comparison of these three 
series of tests that the efficiencies : may vary for the different types and grades 
- of 6 X 19 ropes and even for ropes of the same type as made by the different 
‘manufacturers; consequently, too much reliance must not be placed on any 
‘particular formula until tests are conducted to verify their accuracy, 
although no brief is held for Equation (14) ” writer appreciates 
_ Equation (10) has been used for a number of years to the 
strengths | of special wire ropes ‘and has found to be more accurate than is 
indicated in Table 9. To verify this statement, tests were made of {-in. and Saat: 
-* -in. ropes with manila centers, the data pertaining to the ropes being g noted — 


in Table 12, and the results of these tests in Table 13. z= °°. 


oF t ‘Inco anp 1-Incn Wire Ropes 


of ropes area, in 


6 7 Lang lay plow-steel, non-preformed | 0 0.31975 
1-in., 6 < 9 filler-wire regular lay cast-steel, non-| 
t lay y plow-steel, 


go 720° 
| | 13°28" 


ropes were tested by the of “Mines, in 

\s. Ont, Canada, and the individual wires of the ropes bape: check- tested by the 

Steel Company o: of Canada, Limited, at Hamilton, Ont. will be seen from 
Table 13 that Equation (10) does agree quite closely with test values, it 


is difficult to. reconcile these efficiencies with those noted by Mr. Stewart in 

- ay One criticism at Equation (12) is that it it does not take into consideration 


the difference in the angles of lay of the e various wires” ina hopes ai 


it will give the same for a 6 19 two- “operation 
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‘MEALS ON BEHAVIOR OF | OF STATIONARY wae ROPES" 


8 a filler- -wire re construction ; and yet it must be obvious that the stabi of 


latter is greater than that of ‘the former construction. ‘Equation (10) 
“makes. this differentiation, whereas Equation (12) does not; also, the latter 


‘part of Equation (10) will give the breaking strength of the aided <- 


“TABLE 18. 3.—AcTuAL 4 AND CaLcuLaTEeD BREAKING STRENGTHS AND 


Set No. Load, | Efficiency Load, Efficiency Load, | Efficiency| Load, | Efficiency 
centage) 


_Pounds 8 centage) pounds centage) _Pounds centage) | pounds 


63 300 
85.7 | 78 800 
76 600 


Equation, (12) “may be ‘modified to take into consideration the varying 


lags of wires in the strand by taking a as : the average angle o of lay of all the 

wires in the strand, Or Qa » which, for a 19- filler wire strand, 


d, accordingly, Equation (12) may written 
yd in accordance with Equation (16) are are n noted i in Table 13. rae 
Mr. Stewart's 
tests inasmuch as detract ‘somewhat ‘the value “of "Paper. 
Among others, four may b be noted, a as follows: (a) Loadings : at 49% of the 
“rope ‘strength for the determination of the ‘modulus of elasticity values ; (b) a 
decidedly short gauge length of 10 in. for the measurement of the stretch 


of the rope under load; (c) the use of fixed clamps on the rope; and (d) the 


(a) -—Loadings at 49% of the Rope Strength the of t a 
Modulus” of Elasticity Values. — Most certainly this is an abnormally | 
2 ' loading a and 1 not representative of any engineering or commercial ‘practice per- 
taining to wire rope; lower loadings are more in keeping with actual practice 
Li and would result in lower modulus values. Such abnormally high loads result 
aN ina permanent breaking down of the structure of the manila center, nicking of 


ae in strand against strand, and a high modulus value that is unreal in so far as_ 


(b)- Decidedly Short of 10 for the Measurement 

of the Stretch of the Rope Under Load.—It has been general practice in 
modulus: tests of wire ropes, to use a gauge length as long as possible; —Skill- 


a gauge tenet of 50 in., and for most of the suspender ropes as 
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used on the large suspension bridges built in recent years, the gauge length 7 
has been 80 in. The merit of the longer gauge length i is that any irregularities - 

7 or errors in measurements or in the behavior of the rope are not proportior- 
ately of much consequence as they must be in the shorter gauge le lengths ; 
those experienced in such testing will appreciate this point. 
-—The of Fixed Clamps on the Special swiv rel clamps have 


confusion i in 1 the mathematical is but they 
are not as typical as those with» an rope center 


‘thie. applies to suspender ropes for suspension bridges. such ropes are 
always made with an independent wire Tope | 
it is a fact fairly well known to e-rope engineers, that the tensile 
strengths of preformed wire ropes are from 3 to 5% lower than the strengths 
of non- -preformed r ropes, but sales “policies have conveniently ‘ “glossed over’ 
this fact. For the preforming of Lang lay wire ropes, the use of quills as 
described by Mr. Stewart i is not necessary, as the roller head shown in Fig. 4 © 
may be used; in fact, roller heads only are used in the making of all types 
and diameters of preformed Lang lay wire ropes by the writer’s Company. px 
Relative to the coefficients of friction given in Table 6, it is presumed _ 
_ that these are for | ropes that were dry—that i is, _ devoid of any heavy lubricant. a 
‘Mr. ‘William Hewitt published data’ pertaining to this subject in 1905, and 
with those of the author. 
That the bending stress Lang lay rope approximately 20% 
less than that in a . regular lay rope verifies a statement that the writer” * made 
Mr. Stewart shows the same aialiniien as did Carstarphen and Rairden in 
the paper cited (1)* considering that the loss of strength of stationary 
ack wire rope looped over a sheave is the same as the bending stress ina mov-— 
ing wire rope operating over a sheave; the former is more susceptible of 
a 


mathematical analyses than the latter. Reasons and examples were cited by 
the writer in his discussion of Carstarphen’ s paper (1)* to indicate that the | . 
latter was: not susceptible to such an analysis and surely 3 not to the | extent 
that a “prediction of the 1e bending stress”. could be satisfactorily assured, : as 
4 noted in in Conclusion (10) of the paper. a It would be a boon to the wire- e-rope 


users as as well as the manufacturers if such a prediction was possible. 


= M. E. (by letter) ™_In cealling attention 
to the increase in ore modulus of elasticity of a a a wire rope under successive 
applications of load, Mr. Stewart has rendered a 1 valuable service. A value 


of E of 18000000 Ib per sq in. is not too great. As the author has as shown, : 
this is perhaps high for repetitions of load the proportional limit. 


*“Blements of Machine Design’, by O. A. Leutwiler, 
Tramways”, by F. S. Carstarphen, M. Am. Soc. C. B., Transactions, 
‘oe prof. of Mechanics, West Virginia Univ. ., Morgantown, W. Va. 
Received by the Secretary April 16, 1936. 
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beyond the calculated load. ‘The writer is reminded of two such 

= one case a ‘mine cage was customarily left a all night at the bottom of a 

—— 250-£t shaft down which came the fresh air draft to a mine e. One c cold. night 
the cage froze fast to the floor. It was finally pulled loose by stressing the — 
hoisting : rope, but the rope was 8 ft longer after pulling it loose than it was 


before. In another case, the « circuit breaker on a hoist went out as a i 


of coal \ was being lifted in a shaft. 7 telemeter attached to the hoisting rope 
immediately above the cage showed that the action of the safety devices in 
‘stopping the cage caused stresses which were 2.29 times the dead load stresses. 
“Many | other conditions result in occasional applications of high s stress to a 
a _— so o that 2 after a short period o f service its modulus of elasticity has been 
i increased beyond that of a new rope. _ Indeed, calculations made i in the tele- 
.: nae meter test referred to, indicated a modulus of elasticity, for the rope there” 
of between 19 000 000 and 20 000 000 Ib per sqin. 


Mr. Stewart ‘deserves congratulations method of 


However, the results of ecniliiades tests such sao of this paper are likely 
to be misleading. — Undoubtedly, they determine the stresses due to bending a 
wire rope about a thimble, or in a . stationary rope bent over a sheave while in 


an unstressed condition, since there is no constraint as the wires adjust 


benny - These stresses are due to the frictional resistance to sliding of Prowl 

_ wires upon each other when the loaded straight rope | bends about the sheave. 
~—To illustrate, consider an axial load of 30000 lb on one of Mr. r, Stewart’s 1-in. 
ropes of regular lay as it passes over a sheave. Each strand of 19 wires will 


be assumed to take > one-sixth of the load, or 5 000 Ib. 


The lay length of the ‘strand will be | taken as 93 d and di as. , in whi 
a, = = the diameter a the is”) . and d the diameter of the individual wires. 
lay length will 93 r 6.2 in. and ‘the length of half a lay 
3.1 in. The lay angle is 18° 39. The component of a “stra nd 
normal to’ the axis is 5000 tan 18° = 1688 


‘Let Fig. 18(6) a half lay length of the strand. 18(a) shows 


the other normal to. the stra nd in question. By a an 
with ‘the pressures and in a cylindrical vessel, the total lateral 
= 3375 Ib. Now, ‘assume © 
that the lower end of this po is in contact with the sheave. The upper 7 
a oi be at ‘the outside of the rope. The part in contact with the sheave 
will shorten and the part at. ba is 
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‘ done by the slipping of the anal on its neighbors, but this slipping will 
be done against a friction. _ Assuming a coefficient of friction of 0. .15, the — - 
sve force set up to oppose this motion in a half lay length 1 will be 506 Ib. . 
This force will be a measure of the difference between the stress in this 


= 


_ strand at contact with the sheave and at the outside of the rope. Note that 
this is 10. 0.3% of the axial stress in the strand. a EE 


Length of Half Lay = de 

Se 


If of the rope am ‘contact with | 
_ the sheave, all this frictional restraint (506 lb), will measure the increase in > 
strand tension at the outside of the rope. If there is slip on the sheave the - 
length of the ‘rope is maintained along a line somewhere between 
- sheave and the outside of the rope. _ Assuming that this line | coincides ’ 
with the. rope e center, the stress at the inside is decreased and that at the out- 


ide. increased, each by one- -half the frictional restraint, or 253 Tb. The area 


— 


t the wire in one strand, as taken n from. Table 3 of the paper, would be | 0. 0694 
e sq in. The unit stress due to direct load would be ' 72000 lb per sq in., and : 


~ a the frictional al bending stress according to the first assumption would be 7 490 Ib 
Ne | per sq in., and 8745 Ib per sq in., according | to the second. : These stresses, 
cae of course, are in addition to the stresses due to flexural bending. ‘They would 
" be independent of the ratio of the sheave diameter to the r rope diameter. The 


in which « Sp is s the a unit stress in the rope; a is the angle of lay; and f is 
coefficient of friction between strands. Since the same condition exists 
between the wires ina strand, - Equation (17) is decidedly approximate and 
is given simply to indicate the effect of frictional resistance on sliding. ‘The 
Ps coefficient of friction is also assumed. Only further tests will indicate what it 
i actually i is, but the writer is firmly of the opinion that tests such as those nll 
: sented by Mr. Stewart are likely to be misleading if assumed for rn 
_ Stressed rope passing over a sheave. if a rope were rusted so that it could . 
Jan 
- slip, it would bend as a unit, of course, and Equation (7) would be a proper 


| formula expressing this stress would be: 


_ 7. formula for bending stress. If it were so well lubricated that the friction _ 
. 7 = was that of an oil layer on oil, this stress could 1 be neglected. It is very doubt-- a 
_ fal whether this last condition would exist in a rope , under | heavy s service. al 


is more ‘that would make f more than 0. 15. 
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DISCUSSIONS 


VARIED OPEN” CHANNELS 


AND ARNO T. LEN 


OF 


von Bercen,” Jun. Am. Soc. C. E. (by letter) science of 
obtaining the depth directly | at any point ina channel o of adverse grade and 


uniform section, for steady non- -uniform flow, has been advanced appreciably 


by this paper. 1 the ‘field of hydraulics, however, this case is rather ra “rare: 


e event of flow below critical depth the hydraulic jump is produced. 


and i in the even 
Furthermore, unless the engineer has occasion to make numerous computa- 
tions, using» the author’s formulas and “varied flow functions”, he 


find the method somewhat involved and cumbersome. 


has found it more practical and convenient to _ dispense 


the author’ 8 al analytical treatment beyond his" Equation (3) and, ‘solving 
to make a graphical integration of the. resulting differential equa- 
tion as suggested by Harold A.  M. Am. Soe. 


Woe ; 


8, which mi me ay be obtained quickly fro from various ‘prepared 7. 


Jun. Am. Soc. was published in 


_Norp.—tThe paper by Arthur E. Matzke, 
- ‘Pebruaty, 1936, Proceedings. This discussion is printed in Proceedings, in order that the 


ews expressed may be brought before all members for further discussion (Of the paper. 


16 With U. S. Forest Service, Sacramento, Calif, 
Harold A. "Thomas, 


17 “Hydraulics of Flood Movements in Rivers’’ 


‘er Bulletin, Carnegie Inst. of oe 1934, p. 
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HOWLAND 0} ON OPEN “CHANNELS 0 OF ADVERSE SLOPE 


2 j 3 


Lo inte rate, raphically, use the reciprocal o uation comp ute 


four or five --values of & over the desired range of depths, and } plot the 
y, as ordinate and & as abscissa. by graphical summation of 


] e area to the left of the curve, the water- onetone profile may be drawn 


over the desired range of depths. 


The negative. sign of So was” introduced from Equation (3), but for the 
general case the sign of E So i is positive : and, by substituting a “minus » value for 


‘ “adverse” slope ‘and a positive value for ‘ sustaining” slope, the sign of So will 


i The writer believes the graphical clin is more practical and efficacious 
and, except for accidental errors in plotting, is more correct than the claboesto 


_W. E. How.anp Assoc. M. Am. C. (by etter) extension 


Professor Bakhmeteff’, and is, in itself, a valuable contribution to the practical 
of the hydraulic engineer. concise presentation n of theory and the 
numerous illustrative problems | serve to make the methods available to — 

students a and | practitioners alike. 

A few suggestions may be helpful ; in gaining familiarity wi 

ology. When the depth i is y, the term, K (y), is defined as Cc A yi i 
7 is the constant i in the familiar Chezy formula, v=Cc wv BS; R s the 
hydraulic radius; and A is the area of the cross-section of the moving peeeneng : 

It is thus a part of the total expression for the carrying» capacity of the 

- channel, but not all of it The term, “conveyance, as a name for K y) 3 is a o ; 


good | one, because it is not used for any other quantity, but the expression, — : 
“carryi ing capacity” » Seems to mean Q, or an expression for ©@.. and, Serre, 


may be misleading as applied to K (y). 


The term, “hydraulic exponent”, or n, can ‘be defined by 
=) a constant y”. is ‘obtained by plotting the logarithms of 


the computed values of for a given cross-section against the 
=e abscissa. The slope of the line 80 plotted i is the value of n 


. of San. Eng., Purdue La Fayette, Ind. 
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HOWLAN ON OPEN. CHANNELS OF ADVERSE SLOPE 


There are two assumptions made in ‘Mr. Matzke’s study might 
introduce small errors. p AY useful addition to the 1 paper would be an estima-— 
tion of f the approximate limits of these errors as affecting computed depths in — 
one or more of the illustrative problems. ‘These assumptions are: 
(a) ‘That of the constancy of m previously mentioned ; and (2), that of the 
ae ‘constancy of defined i in the paragraph following Equation (4). 
; _ It is interesting to note that a more elementary method of ole prob- 
lems involving changing velocities does sometimes | yield results of sufficient 
precision with little labor. ‘The writer has used one such method to check 
the results of Example 1. It involves de consideration of the canal as made 
up up of six sections of variable length, but of constant difference in surface eleva- 


te tion of 1 ft. . The effect on the surface curve due to the differences i in velocity — 


head can be considered exactly. The effect on the surface curve of friction 
in each section was obtained by computing the value of the energy gradient — 
at the extremity of each section and then | using the harmonic average (a 

reciprocal ‘average of reciprocals) of the two extreme values in estimating 
the effect of friction in that section. - The variable length of each section = 


is then computed from the following self-evident expression (the nomencla- 7 


used is that of the paper) : 


Difference in depths (1-2) — difference in n velocity heads (2- 1) ; ‘ 
Bottom slope + energy gradient 


=: 


1, ‘Equation (18) becomes: 


le 

pr 

na 

M 

ch 

ar 

us 

| 
work”. the values of = 58. 5 ft? when 3 ft. 

— and a, = 84.0 ft? when y = 4ft, then numerator of Equation (19) becomes 0.373. " 
4 


‘Using the average of the values of = (58. 2 x 10°)%, which is the value 
= 3 ft, and of (99.4 x 10°)*, which is the corresponding 
y= = 4 ft, the denominator of Equation (19) b becomes 0.004062 
is 84 ft. Owing to the very small differences in ‘the functions given in 
‘Table 2, it is is almost. impossible to check this value ‘thereby. 


Likewise, the writer has computed ‘the distance from ‘the place where 


y=4 ft to where =5 ft, ete., and then, by addition, the distance from 
where yo = 3 ft to ‘where. y= = 5 ft, ete. , and. obtained the ‘results listed in a 


“Hydraulics ¢ Channels”, BEng. Societies Monographs, 1932, 
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Table 3. _ The value, 426 ft, does not agree with the one given by Mr. Matzke y 
“but it is more closely i in agreement with the arithmetic values he himself has © : 

given; is, f- (0.457 — 0.762) 06 (0. 452 — 0.715) 426. 


ames sii ‘between the results of the two methods is striking and really 
surprising, ¢ considering that the approximate method involves $0 little le work. 
joo 


_ -CoMPaRIsoN or Horwzontat Distances (Unirs in Freer) 


DEPTH Sections Between Wuica Horizontat 


 Comrurzp Durances 


It is also” interesting to note that if the arithmetic average of ener 


(or value of at the ‘two extremities of a given ‘section, 
th 


and also from the somewhat graphical method 
| by H. Addison”, the writer is led to believe that the harmonic average is 
preferable to the arithmetic a average ge of slopes i in ‘approximate e methods of this 

nature. further study on this ‘point were thought to be desirable, Mr. 
Matzke’s 1 method would serve as as an exact standard of comparison on regular 
channels. — In natural channels with irregular sections, in which some kind of © 


an approximate method must be used, great precision could be secured by the 
use of a large number of sections or small increments of depth. ae ee ig 
A The writer | has | attempted to apply this approximate n method to Example 2, 
but has obtained a result of 127 ft instead of 160 ft. Mr. Matzke’s result 
might be in error almost to this extent. Ac change in the last significant bs 
figure of one of the numbers from Table 2 would change the result of his F- 
computation as much as (130 per cent. It seems that this table is not satis- 
factory when applied to sections close to one another. ‘Indeed, Jack 
of p precision in computations with close sections is the sina serious limita- ~ 
tion to the application of the method. The approximate method increases in 
precision as ‘the sections become and appe to be more 


_ Applying the approximate to writer” has 
sbtained a value of l= 2 150 ft from the right- hand end of the canal to 
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Type 3 “Hydraulics”, by H. Addison, N. Y., John Wiley & Sons, 1934, p. 135. 
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Z ON OPEN CHANNELS OF ADVERSE SLOPE Discussions 


place wh ft. (In making these computations a 


i = 19.35 x 10°, when y=' 9 ft., and k= = = 28. 95 x 10°, when y= 10 ft, 
was used, in addition to the values for the lower depths g given by Bakhmeteff. 


— 


> 


> 


hen, subtracting: from 10 ft the value, 11150 — 10000, times the dies of 
at the 10- tt lial or ek 150 x 0.000425 = = 0.49, the writer obtains 9. 51 ft as 
e depth of the water at the lower end of the e: ‘canal. Here, the water- -surface 


very small ‘and are very ne early ‘constant. ) This agrees” very well 


In the statement. ‘of this problem it is to be noted that the upper end of 
: ‘the canal level i is h held fixed at 3 ft; and that the reservoir ‘surface elevation at 
Section B is invariable. it is impossible to maintain both conditions when 
- =, the: water is flowing to the left since the water | line in ‘the canal must be at 


least one velocity b head lower than ‘that in the reservoir. ‘This velocity 


0 ‘more ore labor than that t of Mr. i in this problem, 


a _ the highest flow amounts to 0.61 ft. The solution given is consistent with 
the assumption 1 that the levels indicated at Sections A and B are canal levels — 
and not reservoir or ocean levels, unless, in ‘some case, they might happen 
For publication i in Transactions, Equation (12), of this will be 


“Arno Lenz.” Jun. Am. Soc. C. E. (by letter). interesting exten- 


sion of the work of B. A. Bakhmeteff, M. Am. Soe. C. E., on open channels _ 

is contained in this paper. The examples show its practical application in 

an excellent manner. . In mathematical derivations of this type, however, there 
a 
are certain basic. assumptions ‘which must be ‘made.’ These assumptions | may 

be said to be the foundation upon which the structure is built, and they 

be. sound. s should be checked i in “every manner possible. 


In the derivation. of the general differential equation for varied flow, 


¥ the hydraulic exponent, N, ‘is used, based on the fact that. “the conveyance 
fun netion, =aC R, within a ‘reasonable range of ‘depths, sufiici- 
a ose the exponential rela ions = a” cons ant y” is 
tly el the tial relati : =e CR = tant y” 


onential relation is of extreme importance in in all that follows, Ries i: 


y, practically all published 
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a straight line. Unfortunatel 
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LENZ NELS OF ADVERSE SLOPE 


4 "measurements omit the slope measurement necessary to 


value of K from. the discharge, Q=Ks'}, 
_ An approximate check might be made, however, by considering that ten a 

ae of stream gagings are taken, some will be made at times when the 
7 ‘surface ‘slope i is greater than normal and at others when it is less than normal, 

with the average of a number probably about normal, _ Furthermore, the gage 
7 - height as recorded is a measure of the depth, y. With these approximations in _ 

mind, discharge was plotted against st gage height for ten streams picked at sad 
random from the Water ‘Supply Papers of the U. S. Geological Survey, from 


&§ all sections of the country. The curves are plotted o on Fig. 6. 


Land 
o 


o o 


et 


Rock River at Afton, Wisconsin — 

Kennebec River at The Forks, Main 
Tallapoosa River at Sturdivant, abe 
Muskingum River at Dresden, Ohio 
Sandusky River near Mexico, Ohio 

Milk River at Milk River, Alberta 

Little Arkansas at Valley Center, Kansas 
Brazos River near College Station, Texas 
San Joaquin River near Friant, California 
Yakima River near Martin, Washington 


Gauge Height in Fe 


4 
4 
a 


200 300 400 600 8001000 2000 
Discharge in in Cubic Feet per Second 


The writer was surprised that the points plotted did approxi 
lines. It is ‘recognized that for canals” it is likely that ‘the a law 
‘holds even more closely than for natural channels. Therefore, curves: 


a logical proof of the validity "the use of ‘the hydraulic exponent as 


= hen flow spreads out over flood- plains there will be a sharp break in 
the 


e line, and care must be exercised under such conditions. . A check yee 


as that ‘presented | herein is is relatively easy to make and will show quickly | 
whether the theory may be applied to any particular 3 river or canal. - 


a. _ The author is to be congratulated on his extension of the theory et 
by Professor Bakhmeteff , which should be a tool of | great | 


working on the hydraulics of open channels. 7 - 
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